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r.  I. — Atmospheric  Radio-actimty ;  by  II.  A.  Bumstead. 

T  has  recently  been  shown  by  a  number  of  investigations, 
le  in  widely  separated  localities,  that  the  radio-active  gas 
ftined  from  the  earth,  from  water,  and  from  petroleum,  has 
same  properties  as  the  emanation  from  radium.*  Some  of 
emanation  must  of  course  be  present  also  in  the  air  above- 
und,  and  it  is  an  immediate  inference  that  the  radio-active 
nomena  of  the  atmosphere  may  be  due  to  its  presence. 
18  one  might  expect  that  the  activity  deposited  upon  a  nega- 
jly-cliarged  wire  when  it  is  exposed  in  the  open  au'  would 
ay  at  the  same  rate  as  the  excited  activity  due  to  radium, 
Elster  and  Geitel  liave  recently  made  some  measure- 
itst  which  confirm  this  expectation,  at  least  approximately, 
the  other  hand,  Rutherford  and  Allan,:*:  who  were  the  first 
investigate  carefully  the  rate  of  decay  of  the  negatively- 
rged  wire,  obtained  a  different  result ;  tliey  found  that  the 
vity  falls  off  regularly  according  to  an  exponential  law  and 
3he8  half-value  in  about  45  minutes,  whereas  the  radium- 
need  activity  does  not  fall  off  exponentially  during  the  first 
i  hours,  and,  when  it  does  begin  to  do  so,  its  half-value  time 
28  minutes  instead  of  45.  Quite  recently,  Allan  has  made 
extended  study  of  atmospheric  radio-activity§  in  the  course 
which  he  has,  in  the  main,  confirmed  the  previous  results 
ained  by  Rutherford  and  himself  with  regard  to  the  rate  of 
ay,  although  certain  observations  point  to  the  conclusion 
t  the  decay  is  not  entirely  regular. 

Adams,  Phil.   Ma^.,   Nov.   1903;  Elster  and  Geitel,  Pliys.  Zeitschr.,  v, 

I,  1904 ;  Bnmstead  and  Wheeler,  this  Journal,  Feb.  1904  ;  Himstedt, 

d.  Ann.,  xiii,  p.  573,  1904. 

Bister  and  Geitel,  loc.  cit. 

Rutherford  and  Allan,  Phil.  Mag.,  Dec.  1902. 

Allan,  Phil.  Mag.,  Feb.  1904. 
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The  experiments  which  I  am  about  to  describe  were  begun 
before  the  appearance  of  the  recent  papers  by  Elster  and 
Geitel  and  by  Allan,  and  were  continued  in  view  of  the  dis- 
crepancy between  their  results,  and  also  because  indications 
had  been  obtained  of  results  not  observed  bv  either.  A  fine 
copper  wire  i™"  in  diameter  was  suspended  horizontally,  about 
8  meters  above  the  ground,  between  two  neighboring  build- 
ings ;  it  was  attached  to  the  negative  pole  of  a  Wimshurst 
machine,  driven  by  a  small  motor,  the  positive  pole  of  the 
Wimshurst  being  earthed.  A  parallel  spark-gap  S"*"  long 
served  to  keep  the  potential-difference  constant  during  an 
exposure  which  was  usually  continued  for  three  hours.  The 
activity  of  the  wire  was  observed  in  a  cylindrical  testing  vessel, 
with  the  central  rod  connected  to  one  pair  of  quadrants  of  an 
electrometer ;  the  rod  was  protected  by  an  earthed  guard -plate 
in  the  usual  manner.  The  bottom  of  the  testing  vessel  was 
easily  removable  and  bore  four  vertical  brass  rods  just  within 
the  walls  of  the  cylinder,  and  about  these  rods  the  exposed 
wire  could  be  wound.  The  electrometer  was  of  special  con- 
struction, with  sulphur  insulation  and  adjustable  quadrants ; 
the  needle  was  of  silvered  paper  and  the  suspension  a  quartz 
fiber  dipped  in  a  solutifin  of  calcium  chloride  to  render  it  con- 
ducting, as  in  Dolezalek's  electrometer.  With  the  suspension 
used  and  90  volts  on  the  needle,  the  sensitiveness  was  sufficient 
(250^'°  per  volt  with  the  scale  at  one  meter;,  and  the  instru- 
ment was  very  steady.  When  the  potential  on  the  needle  was 
kept  constant,  the  sensitiveness  of  the  apparatus  to  a  small 
sample  of  uranium  oxide  did  not  vary  appreciably  over  a  period 
of  several  days.  Accidental  motions  of  the  needle  were  largely 
avoided  by  enclosing  the  connecting  wire  between  electro- 
meter and  cylinder  in  an  earthed  brass  box,  outside  of  which  a 
small  electromagnet  served  to  insulate  or  short  circuit  the 
quadrants.*  The  exposed  wire  could  be  put  into  the  cylinder 
without  disturbing  the  connections  or  jarring  the  electrometer, 
so  that  readings  could  be  begun  immediately ;  the  only  time 
lost  after  the  end  of  the  exposure  was  in  taking  in  the  wire 
and  winding  it  about  the  frame.  After  the  ware  had  been  put 
into  the  testing  vessel,  measurements  of  the  ionization  current 
were  made  at  intervals  of  three  minutes  during  the  first  part 
of  the  experiment  when  the  change  in  activity  was  rapid ; 
later,  readings  were  taken  every  six  minutes. 

In  the  earlier  experiments,  comparatively  short  wires  were 
exposed  (5  meters)  and  the  decay  of  the  activity  of  these  could 
be  followed  with  some  accuracy  for  about  two  hours.  The 
similarity  to  the  behavior  of  the  excited  activity  due  to  radium 

♦This  arrangement  has  been  previously  described.     This  Journal,  P'eb. 
1904,  p.  100. 
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nnmifitakable  and  is  clearly  shown  in  the  curves  plotted 
Ig.  1.  The  upper  and  lower  curves,  I  and  III,  represent 
decay  of  the  activity  of  wires  exposed  in  the  open  air  on 
3rent  days,  while  the  curve  between  them,  II,  was  obtained 
1  a  wire  which  had  been  exposed  in  a  two-liter  flask  con- 


ing very  weak  radium  emanation  for  the  same  time  (3 
rs),  and  charged  to  the  same  negative  potential  by  means 
the  Wirashurst  macliine.  The  resemblance  is  obvious, 
jcially  in  the  initial  rapid  rate  of  decay,  which  is  charac- 
stic  of  the  radium-excitetl  activity,  and  which  I  have  never 
ed  to  observe  with  the  open-air  wire  when  two  or  three 
jrvations  were  taken  within  the  first  ten  minutes  after  the 
OBure  ceased.  When,  however,  the  observations  are  care- 
y  compared,  it  is  evident  that  they  do  not  entirely  agree 
lin  the  limits  of  experimental  error  ;  indeed  a  mere  inspec- 
of  the  curves  in  fig.  1  shows  that,  toward  the  end,  the  air 
3S  were  falling  off  at  a  slightly  slower  rate  than  the  one 
osed  to  radium  emanation.     It  seemed  probable  that  tiiis 
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might  be  due  to  the  presence  of  a  small  proportion  of  some 
form  of  activity  decaying  more  slowly  than  that  due  to  radium, 
and  which  would,  therefore,  show  itself  in  a  more  and  more 
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marked  manner  as  time  went  on.  Aecordhigly,  wires  30  meters 
loiiif  were  exposed  in  the  same  manner  and  observations  car- 
ried on  for  four  hours.  The  results  of  two  such  experiments 
are  plotted  in  fig.  2,  in  which,  for  greater  clearness,  the  nat- 


H.  A.  Bumstead — Atmospheric  Madio-activity.  5 

ural  logarithms  of  the  ionization  carrents  are  plotted  as  ordi- 
nates,  the  time  in  hours  being  the  abscissAB.*  The  curves  I 
and  III  again  represent  the  air  wire,  and  curve  IV  a  wire 
exposed  to  radium  emanation,  which  is  given  for  comparison. 
The  existence  of  a  slowly  decaying  activity  is  plainly  shown 
by  the  curve  between  two  and  four  hours.  Twenty-four  hours 
later,  the  wire  was  still  appreciably  radio-active,  but  the  effect 
was  too  small  to  measure  with  accuracy ;  it  was  about  one- 
fifth  as  active  as  at  four  hours. 

In  order  to  determine  the  rate  of  decay  of  this  persistent 
activity,  six  lengths  of  wire  were  suspended  in  a  wide  zigzag 
between  the  second  story  windows  of  two  buildings,  the  total 
length  being  200  meters.  They  were  allowed  to  sag  from  the 
horizontal  by  different  amounts,  so  that  their  electrostatic 
fields  should  include  as  umeh  of  the  surrounding  air  as  possible. 
The  small  diameter  of  the  wire  made  it  possible  to  put  this 
length  into  the  testing  vessel  without  difficulty.  Nine  hours 
after  introducing  it,  tne  current  through  the  cylinder  was 
about  six  times  that  due  to  the ''spontaneous  ionization,"  of 
the  air;  and  this,  although  small,  was  measurable  with  some 
degree  of  accuracy.  Five  observations  were  made  at  this  lime, 
and  five  more  after  an  interval  of  12  hours ;  combining  them 
one  by  one,  the  following  values  of  the  coefficient  of  decay,  X, 
were  obtained : 

0  069 
0-009 
0-066 
0061 
0073 
0-065 


\  =  0-067 

The  half-value  time  corresponding  to  this  coefficient  is  10^ 
hours  ;  and  this  is  so  near  to  the  rate  of  decav  of  the  excited 
activity  due  to  thorium  as  to  leave  little  doubt  that  the  slowly 
decaying  activity  on  the  air  wire  is  due  to  thorium.  It  is  pos- 
sible to  hicrcase  the  proportion  of  tliis  to  the  more  transient 
activity  by  prolonged  exposure  of  the  wire ;  for  the  radium- 
induced  activity,  an  exposure  of  three  hours  is  sufficient  to 
practically  reach  the  final  equilibrium  value,  while  the  induced 
activity  due  to  thorium  will  continue  to  increase  for  several 
days.     By  a  twelve-hours  exposure  of  a  long  wire,  on  a  tine, 

♦  On  this  diagram,  radio-active  sabstanoes  which  decay  according  to  the 
same  law  will  give  parallel  curves  ;  if  the  law  is  exponential,  the  curve  will 
be  a  straight  line  and  the  slope  of  the  line  will  be  equal  to  7.  in  the  formula, 

I  =:  Ioe~"     .     The  zero  of  ordinates  is  a  matter  of  indifference  so  that  we 
may  plot  log  1  or  (log  I ± const.)  as  may  be  most  convenient. 
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clear  day,  1  have  succeeded  in  collecting  considerable  quanti- 
ties of  tiiis  slowly  decaying  radio-activity.  Eleven  hours  after 
the  wire  had  been  put  into  the  testing  cylinder,  the  current 
through  the  gas  was  35  times  that  due  to  the  spontaneous  ioni- 
zation and  its  gradual  decay  could  be  followed  for  several  days. 
Observations  extending  over  various  intervals,  from  0  hours 
to  27,  showed  that  the  decay  was  exponential  and  the  average 
value  of  X,  from  five  determinations,  was  0*0616,  which  indi- 
cates a  decrease  to  half  in  11*2  hours. 

The  observations  upon  the  atmospheric  activity  can  be 
accounted  for  fairly  well,  but  not  quite  satisfactorily,  by  the 
assumption  that  it  is  entirely  due  to  the  excited  activities  of 
radium  and  thorium.  In  the  following  tables,  the  second 
column  gives  the  calculated  values  of  the  ionization  u|)on  this 
assumption,  the  proportion  of  the  two  forms  of  activity  being 
so  chosen  that  the  calculated  and  observed  values  shall  agree 
at  1  hour  and  at  4  hours ;  for  the  present  purpose,  the 
decay  of  the  thorium  activity  is  assumed  to  be  exponential  (it 
is  not  actually  so  in  the  earlier  stages)  while  the  decay  of  the 
radium  activity  is  found  from  Curve  IV,  fig.  2.*  The  third 
column  gives  the  observed  values  for  corresponding  times,  and 
the  last  column  the  differences  between  the  calculated  and 
observed  values.  The  first  table  represents  the  experiments 
plotted  in  Curve  I,  fig.  2,  the  second,  those  plotted  in  Curve  III. 


Curve  I. 

Assumed, 

at  1  hoar   |  ^• 

activity 
activity 

at  4  hours  \  ^• 

activity 
activity 

i  (hours) 

Calc. 

Obs. 

1-0 

18-6 

18-6 

1-5 

11-1 

10-8 

2-0 

6-48 

6-20 

2-5 

3-81 

3-69 

3-0 

2-51 

2-45 

3-5 

1-89 

1'84- 

4-0 

1-57 

1-57 

170 
1-6 

0-244 
1-324 

Diff. 

0-00 
+  0-30 
4-0-28 
-fO-l2 
-f  0-06 
+  0-05 

0-00 


Curve  III. 
Assumed, 

o*  1  \.^..^  S  R»-  activity  =  8*77 
at  1  hour  JTh.  activity  =  1-23 

at4hour8J3^-*^*f^,*y  =  ?."ll 
\  Th.  activity  =  1  -02 


i  (hours) 

1-0 
1-5 
2-0 
2-5 
3-0 
3-5 
4  0 


Calc. 

10-00 
6-11 
3-73 
2-33 
1-67 
1-32 
1-14 


Obs. 

1000 
5-95 
3-53 
2-30 
1-67 
1-32 
1-14 


Diff. 

0-00 

4-0-16 

+  0-20 

-f  0-03 

0-00 

0-00 

0-00 


*  Up  to  2*5  hours,  this  Curve  IV,  and  other  similar  experiments  which  I 
have  made,  give  a  slightly  different  result  from  the  empirical  formula  given 
by  Curie  and  Danne  (C.  R,  cxxxvi,  p.  365,  1903)  which  is 


I  =  Io[ 


ae 


6/1 


•(a-l)c     ^ 


<\ 


where  a  =  4*20,  0|=  2420  seconds,  ^,  =  1860  seconds.  This  formula  does 
not  take  into  account  the  initial  rapidly  decaying  activity  due  to  radium. 
In  the  final,  exponential  part,  my  results  are  in  close  accord  with  those  of 
Curie  and  Danne.  The  half -value  time  which  they  obtain  is  27*9  minutes, 
while  the  value  resulting  from  several  experiments  of  my  own  is  27*7 
minutes. 
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Although  the  diflferences  are  not  large,  they  are  apparently 
sj'stematic  and  indicate  that,  between  1  and  2  hours,  the  air 
activity  decays  a  little  more  rapidly  than  a  combination  of 
excited  activities  due  to  radium  ana  thorium,  while  between 
2  and  4  hours  it  decays  more  slowly.  This  cannot  be  due  to 
the  error  committed  in  assuming  the  thorium  activity  to  be 
decaying  at  its  final  rate ;  Rutherford  has  shown  that,  after  a 
short  exposure,  thorium-excited  activity  at  first  increases  so 
that  a  correction  for  this  would  be  in  the  wrong  direction. 
Another  possible  explanation  of  the  discrepancy  is  that  it  may 
be  due  to  an  error  in  the  determination  of  the  curve  for 
radium ;  a  repetition  of  tlie  determination,  however,  does  not 
show  any  increase  in  the  rate  between  1  and  2  hours.  If, 
therefore,  we  do  not  regard  these  differences  as  due  to  acci- 
dental errors  (which  seems  unlikely  in  view  of  their  apparent 
systematic  character),  they  would  seem  to  indicate  the  presence 
of  a  small  proportion  of  some  form  of  excited  radio-activity 
decaying  at  a  more  rapid  rate  than  that  which  the  radium 
activity  shows  between  1  and  2  hours.*  The  present  experi- 
ments are  not  sufficiently  accurate  to  do  more  than  indicate 
this  as,  to  some  extent,  probable ;  but  I  am  not  without  hope 
that  it  may  be  possible  to  go  further  in  this  direction  by 
means  of  careful  experiments  especially  directed  to  this  end. 
The  only  other  known  induced  activity,  besides  those  due  to 
radium  and  thorium,  is  that  due  to  actinium.  According  to  a 
recent  determination  by  Debierne,t  its  decay  is  exponential 
and  reaches  half-value  in  40  minutes.  Its  rate  is,  therefore, 
too  slow  to  serve  as  an  explanation  of  the  discrepancy  ;  but  if  a 
substance  of  more  rapidly  decaying  activity  is  present,  a  small 
amount  of  actinium-excited  activity  is  not  impossible  since 
there  might  be  partial  compensation  between  the  two. 

It  is  rather  remarkable  that,  although  the  activity  of  the  air 
wire  is  certainly  due  to  a  number  of  different  forms  of  activity, 
decaying  at  different  rates,  tlie  resultant  effect  between  0"5  and 
2  hours  is  so  nearly  exponential,  as  indicated  by  the  straight- 
ness  of  the  lines  in  fig.  2.  It  is  a  further  coincidence  that,  in 
this  portion  of  the  curve,  the  rate  is  so  near  the  value  found 
by  Debieme  for  the  excited  activity  due  to  actinium.  The 
half-value  time  during  this  interval  is,  for  Curve  I,  38  minutes, 
for  Curve  III,  41  minutes.  If  the  observations  were  not 
extended  further,  it  would  be  a  natural  conclusion  that  the 
plienomenon  was  due  to  actinium  emanation  in  the  air.  But 
the  known  presence  of  the  thorium  activity  negatives  the  sup- 
position that  any  considerable  part  of  the  effect  can  be  due  to 

*  Not  necessarUy  more  rapid  than  the  final  (half-value  in  28  minutes)  rate 
of  the  radium  activity, 
t  Debieme,  C.  R.,  Feb.  5,  1904,  p.  411. 
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actinium.  The  following  tables  will  make  this  clear ;  they  are 
like  the  two  previously  given  except  that,  in  the  calculated 
column,  it  has  been  assumed  that  actminm  and  thorium  activi- 
ties are  present  instead  of  radium  and  thorium. 

Curve  I.  Curve  III. 

Assumed,  Assumed, 

«♦  i  u«««    ^  Actin.  activity  =176  .  ^  u^„«    j  Actin.  activity  =  9*11 

at  1  hour  ^  ^   ^^.^.^y      ^  ^,^       at  1  hour    j  ^   ^^^^^.^^      ^  ^.^^ 

o+  A  u^«^  3  Actin.  activity  =  0*78         .  .  v.^««,   *  Actin.  activity  =  0*40 
at  4  hours  ^  ^^  ^^.^^^      ^  ^.^^       at  4  hours  ^  ^^^   ^^.^^^       ^  ^.^^ 


f  hours. 

Calc. 

Obs. 

Diff. 

t  hoars. 

Calc. 

Obs. 

Diflf. 

1-0 

18-6     • 

18-G 

0-00 

1-0 

1000 

10-00 

O-OO 

1-5 

11-4 

10-8 

+  0-60 

1-5 

6-27 

5-95 

4-0  32 

2-0 

7-11 

6-20 

+  0-91 

2-0 

4-05 

3-53 

4-0-52 

2-5 

4-56 

3-69 

+  0-87 

2-5 

2-72 

2-30 

4-0-42 

3-0 

3-04 

2-45 

+  0-50 

30 

1-92 

1-07 

4-0*25 

3-5 

2-12 

1-84 

+  0-28 

3-5 

1-43 

1-32 

4-0-11 

4-0 

1-57 

1-57 

000 

4-0 

1-14 

114 

0-00 

The  differences  are  much  larger  than  on  the  assumption  of 
radium  and  thorium,  and  are  quite  beyond  any  possible  experi- 
mental errors;  and,  to  get  even  such  an  agreement,  it  is  neces- 
sary to  assume  a  smaller  amount  of  thorium  activity  than  the 
observations  at  later  times  than  four  hours  will  permit.  Upon 
a  priori  grounds  also,  it  is  improbable  that  much  of  the  effect 
can  be  due  to  actinium ;  the  radium  emanation  is  known  to  be 
present  in  the  ground  and  decays  so  slowly  (half- value  in  four 
days)  that  there  is  ample  time  for  it  to  diffuse  widely  through 
the  atmosphere ;  the  actinium  emanation,  on  the  other  hand, 
decays  with  great  rapidity  (half-value  in  four  seconds),*  and 
unless  it  were  present  in  the  ground  in  relatively  enormous 
quantities,  and  not  far  from  the  surface,  its  effects  in  the 
open  air  could  not  predominate  over  those  of  the  radium  ema- 
nation. There  is  no  reason  to  suppose  tliat  it  does ;  any  sub- 
stitution of  actinium  for  radium  in  the  calculated  values  will 
cause  them  to  depart  more  widely  from  the  observed  values. 
But,  as  previously  remarked,  if  it  should  turn  out  that  a  small 
amount  of  a  more  rapidly  decaying  activity  is  present  (as  there 
is  some  reason  to  suspect),  it  is  not  impossible  that  some 
actinium  activity  may  also  be  found.  Mr.  II.  M.  Dadourian, 
to  whom  I  am  indebted  for  assistance  in  many  of  the  present 
experiments,  is  now  engaged  in  an  attempt  to  ascertain  more 
definitely  whether  such  an  activity  is  present  or  not. 

It  will  be  observed  that  the  general  slope  of  Curve  III  is 
lass  rapid  than  that  of  Curve  I,  and  that  a  considerably  greater 
proportion  of  tlie  thorium  activity  appears  to  be  present. 
This,  I  think,  may  be  accounted  for  from  the  known  proper- 

*  Debieme,  loc.  cit. 
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ties  of  the  radium  and  thorium  emanations.     The  experiments 

Slotted  in  I  were  made  when  the  ground  was  hard  frozen,  and 
ad  been  so  (with  occasional  superficial  thaws)  for  several 
months ;  III  is  the  result  of  an  exposure  made  a  month  later 
when  the  frost  had  entirely  disappeared  from  the  ground. 
The  decay  of  the  thorium  emanation  (half -value  in  one  minute) 
is  so  rapid,  compared  with  that  of  the  radium  emanation,  that 
any  delay  in  its  liberation  from  the  ground  would  considerably 
diminish  the  relative  amount  in  the  air.  According  to  the 
accepted  theory  of  radio-activity,  due  to  J.  J.  Thomson  and 
Rutherford,  the  disintegration  of  the  gaseous  emanation  pro- 
duces a  soh'd  material,  responsible  for  the  excited  radio- 
activity, which,  following  Rutherford,  we  may  call  emanation 
X.  The  particles  of  emanation  X  produced  by  the  gas  (of 
either  kind)  before  it  leaves  the  ground  would  never  reach  the 
upper  air,  since  they  would  not  diffuse  like  the  molecules  of  a 
gas  but  would  be  deposited  in  the  soil ;  on  the  other  hand, 
those  produced  after  the  escape  of  the  gas  would  settle  very 
slowly,  on  account  of  their  small  size,  and  might  be  carried 
considerable  distances  by  currents  of  air.  The  view  that  the 
smaller  proportion  of  thorium  activity  is  due  to  the  frozen  con- 
dition of  the  ground,  is  supported  by  two  other  experiments 
(incomplete  and  therefore  not  given  in  detail),  one  made  while 
the  ground  was  frozen  and  the  other  when  it  was  not ;  in  the 
latter  case  the  decay  was  noticeably  slower,  indicating  a  larger 
proportion  of  the  thorium  activity.  The  smaller  total  activity 
observed  in  III  might  be  thought  to  negative  the  above  expla- 
nation ;  I  think,  however,  that  it  was  due  to  another  cause. 
There  was  a  very  perceptible  haze  in  the  air  on  the  day  when 
this  experiment  was  made  and  little  wind  ;  the  day  of  the  other 
experiment  was  exceptionally  clear  and  a  good  breeze  was 
blowing.  The  wind  would  bring  more  of  the  particles  of  the 
emanation  X  within  the  electric  field  of  the  wire,  and  the  fact 
that  they  were  not  loaded  with  drops  of  water  (or  with  very 
small  ones)  would  cause  them  to  move  witli  a  greater  velocity 
along  the  lines  of  force  and  hence  a  greater  number  might  be 
captured  by  the  wire,  even  if  the  number  in  a  cubic  centimeter 
of  the  air  were  actually  less.  The  only  exposure  of  a  wire 
which  I  have  made  on  a  clear,  windy  day  since  the  ground 
thawed,  was  one  of  twelve  hours,  so  that  the  result  is  not  com- 
parable directly  with  the  three-hour  exposure  ;  moreover,  the 
total  activity  was  not  observed,  but  only  the  thorium  effect 
remaining  after  ten  hours.  Reducing  this  to  its  value  four 
hours  after  exposure  ceased,  taking  account  of  the  difference 
in  the  lengths  of  the  wires,  and  assuming  that  the  relation 
between  the  thorium  activity  and  the  time  of  exposure  is 

I,=l(l_e-^), 
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the  value  obtained  indicates  that  about  75  |)er  cent  more 
thorium  activity  would  have  been  deposited  on  wires  of  equal 
lengths,  in  the  same  time,  on  the  clear  day  when  the  ground 
was  not  frozen  than  upon  the  clear  day  when  it  was. 

A  similar  explanation  may  be  given  of  the  fact  that  the 
radio-activity  or  rain  and  snow,  discovered  by  (1  T.  R.  Wilson, 
decays  at  a  different  rate  from  that  of  the  negatively  charge<l 
wire.  Wilson  finds  that  the  former  falls  to  half-value  in 
about  30  minutes  ;*  and  this  is  very  near  to  the  final  rate  of 
the  radium-excited  activity.  If  we  assume  that  some  of  the 
drops  in  the  rain  clouds  are  condensed  upon  the  positively 
charged  particles  of  radium  emanation  X  present  in  the  air, 
the  time  occupied  by  the  drops  in  falling,  and  in  the  collec- 
tion and  evaporation  of  the  water,  would  prevent  the  earlier, 
non-exponential  decay  of  this  activity  from  being  observed ; 
all  that  would  remain  would  be  the  final,  regularly  decaying 
product.  The  absence  of  a  noticeable  amount  of  thorium 
activity  may  be  explained  by  the  rapid  decay  of  the  thorium 
emanation  ;  although  the  particles  of  thorium  emanation  X, 
present  near  the  ground  may  sometimes  be  carried  to  consider- 
able heights  by  the  wind,  the  proportion  of  radium  activity 
must  steadily  increase  as  we  go  upward,  since,  in  the  case  of  the 
radium  activity,  we  have  not  only  the  particles  blown  up  from 
near  the  ground  but  also  those  produced  by  the  radium  emana- 
tion in  situ ;  the  slow  decay  of  this  emanation  allowing  it  to 
diffuse  to  much  greater  heights  than  the  thorium  emanation. 
It  is  to  be  expected  that  a  negatively  charged  wire  suspended 
several  hundred  feet  above  the  ground  would  show  a  smaller 
proportion  of  thorium  than  one  exposed  near  the  earth's 
surface. 


I  have  also  looked  for  evidence  of  the  presence  of  the  tho- 
rium and  actinium  emanations  in  the  soil  but,  up  to  the  present, 
without  definite  results.  It  is,  of  course,  useless  for  this  pur- 
pose to  draw  air  from  the  ground  and  introduce  it  into  an 
electroscope  or  condenser,  as  in  testing  for  the  radium  emana- 
tion, on  account  of  the  rapid  decay  of  the  thorium  and  actinium 
emanations.  A  galvanized  sheet-iron  pipe  15*^""  in  diameter  and 
2  meters  long,  with  open  bottom,  was  sunk  in  the  ground  and 
a  negatively  charged  wire  suspended  in  it.  The  top  was  closed 
and  a  gentle  current  of  air  was  drawn  through  the  cylinder 
(entering  at  the  open  bottom  from  the  ground)  by  means  of  a 
filter  pump.  The  wire  did  not  acquire  suHicient  radio-activity 
to  enable  one  to  follow  its  decay  for  more  than  two  hours,  and, 
even  during  this  time,  the  ionization  produced  in  the  cylinder 

*Proc.  Camb.  Phil.  Soc,  xii,  p.  17  (1902). 
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was  too  small  for  accurate  observations  to  be  made.  The  rate 
appeared  to  be  somewhat  slower  than  that  of  the  excited 
activity  due  to  radium  but  no  great  confidence  can  be  placed 
in  the  result.  It  is  likely  that  a  larger  cavity  in  the  ground 
would  give  more  definite  results  but  I  have  not  yet  been  able 
to  try  this. 

Conclusions, 

1.  The  radio-activity  acquired  by  a  negatively  charged  wire 
exposed  in  tlie  open  air  (at  least  as  observed  in  New  Haven)  is 
mainly,  if  not  wholly,  due  to  the  excited  activities  of  radium 
and  thorium.  With  a  three-hour  exposure,  3  to  5  per  cent  of 
the  total  initial  effect  is  due  to  the  thorium  activity,  the  pro- 
portion depending  apparently  upon  the  greater  or  less  ease 
with  which  the  emanations  escape  from  the  soil.  With  a 
twelve-hour  exposure  the  thorium  activity  is  sometimes  15  per 
cent  of  the  whole,  and  with  a  long  wire,  its  decay  may  be  fol- 
lowed for  several  days.  There  is  some  evidence  that  a  small 
quantity  of  a  more  rapidly  decaying  activity  is  present  in  addi- 
tion, but  these  experiments  do  not  detinitely  establish  this. 

2.  The  radio-activity  of  rain  and  snow  is  probably  due  to 
radium-excited  activity,  tlie  absence  of  the  thorium  effect  being 
accounted  for  by  the  fact  that  the  rapid  decay  of  the  thorium 
emanation  prevents  its  reaching,  in  appreciable  quantities,  the 
height  at  which  the  rain-drops  are  formed. 

Sheffield  Scientific  School  of  Yale  University,  April,  1904. 
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Art.  II.  —  Studies  in  th>€  Cyperacece;  by  Theo.  Holm. 
XXII.  The  CyperacesB  of  the  Chilliwact  Valley,  British 
Columbia  (between  lat.  49*^  and  lat.  49°  10';  and  long.  121° 
25'  and  lone.  J22°).  (With  figures  in  the  text  drawn  from 
nature  bv  the  author.) 

Through  the  courtesy  of  Mr.  James  M.  Macoun,  the  writer 
has  had  an  opportunity  of  examining  a  collection  of  CyperacecB 
which  was  made  by  him  in  the  Chilliwack  Valley  during  the 
summer  of  1901,  and  upon  which  we  take  pleasure  in  present- 
ing the  following  report.  With  the  exception  of  Scirjms 
Macaunil  most  of  the  others  are  old  and  well  known  species, 
but  nevertheless  of  some  interest  from  a  geographical  point  of 
view,  besides  that,  several  of  these  represent  types  that  have  not 
hitherto  been  clearly  accounted  for,  viz:  Carex  scirpoidea^  C, 
vulgaris  var.  Jipocarpa^  C,  spectahilis^  etc. 

I.  Synopsis  of  thk  Species. 
Carex, 

ViGNEA. 

Brachystachyce  nob. 

Carex  canescens  L.    Boggy  spots,  the  lake  (No.  26,(551). 
(\  vitilis  Fr.     Swamps,  the  lake  (No.  26,652)  and  among  moss 
on  rocks,  3,500  ft.  alt.  (No.  26,659). 

( \  arcta  Boott.     By  marshes,  Suraas  Lake  (No.  26,653). 

Neurochlcenm  nob. 

C.  nardina  Fr.  Crevices  of  rocks,  6,500  ft.  alt.,  Tami  Hy 
Mountain  (No.  33,689). 

ArgyranthcB  nob. 

(\  Deweyana  Schw.     Woods,  the  river  (No.  26,644). 

C  Deweyana  Schw.  var.  Bolanderi  Boott.  Grassy  slopes,  2,000 
ft.  alt.  (No.  26,655);  banks  of  streams,  the  river  (No.  26,654)  ; 
stumps  by  streams,  the  lake  (No.  26,643). 

Astrostachyce  nob. 

C,  interior  Bail.     Boggy  marsh,  east  of  the  lake  (No.  26,658). 
(\  la^viculmis  Meinsbaus.      Swampy   places,   the    river    (No. 
26,657)  and  boggy  spots,  the  lake  (No.  26,656). 

StenorhynchcB  nob. 
C  stipata  Muehl.     Along  ditches,  near  town  (No.  33,736). 
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Phcenocarpm  nob. 

C.  teretiuscula  Good.  var.  ramoaa  Boott.  Marshes  east  of  the 
lake  (No.  33,743). 

AthroatachycB  nob. 

C.  Crawfordii  Fern.     By  ditches  (No.  26,649). 

C\ /estiva  Dew.  By  rivulets,  5,500  ft.  alt.,  Tami  Hy  Mt.  (No. 
26,646)  and  along  the  river  at  4,000  ft.  alt.  (No.  26,645).     (Fig.  1.) 

C. /estiva  Dew.  var.  Gravel  bars,  the  river  (Nos.  26,647-48), 
(Fig.  6.) 

PterocarpcB  nob. 

C.  Behbii  Olney.     In  mud  by  the  river  (No.  26,650). 

Cabices  Genuin^c 

MelananthcB  Drej. 

C,  Mertensii  Prescott.  By  springs,  the  river  (No.  33,670)  and 
by  rivulets,  the  lake  (Nos.  33,671-72). 

C.  spectahilis  Dew.  Near  melting  snow,  5,000  ft.  alt,  Tami  Hy 
Mt.  (No.  33,650).      (Fig.  A.) 

Microrfiynchce  Drej. 

C.  vulgaris  Fr.  var.  Upocarpa  nob.     By  a  rivulet,  4,000  ft.  alt., 
the  lake  (No.  33,631)  and  by  a  pond,  Tami  Hy  Mt.  (No.  33,630). 
<\  dives  nob.     Marshes,  the  lake  (No.  33,753). 

LejochUenm  nob. 

C.  poly tricho ides  Muehl.     Marshes,  the  lake  (No.  33,600). 
C  Henderaoni  Bail.      In  thickets  of  Alnus  and  Acer  glabrumy 
alluvial  soil  along  the  river  (No.  33,657). 

Athrochlcence  nob. 

('.  7}igrican8  Mey.  Near  melting  snow,  5,000  ft.  alt.,  Tami 
Hy  Mt.  (No.  33,705). 

StenocarpcB  nob. 

(\  ablata  Bail.  Damp  Banks,  4,000  ft.  alt.,  the  lake  (No. 
33,715). 

Sphteridiophoroi  D  re j . 

C,  scirpoidea  Michx.  var.  stenoehkena  nob.  By  a  rivulet,  4,000 
ft.  alt.,  the  lake  (No.  33,728).     (Fig.  7.) 

6'.  Rossii  Boott.  Rocky  woods,  the  lake  (No.  33,034)  and  on 
a  snow-slide  (No.  33,747). 

PhysocarpcB  Drej. 
C,  utrictUata  Boott.      Marshes  east  of  the  lake  (No.  33,642). 
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ScirpecB 

JEJleocharU  ovata  R.  Br.     (No.  34,772). 

JE  palustris  R.  Br.     (No.  34,773). 

Scirpus  cobspiioaua  L.     Alt.  3,500  ft.  (No.  34,770). 

8,  Macounii  nob.    (No.  34,771).    (Fig.  9.) 

Eriophorum  gracile  Koch.     (No.  34,769). 

jK  angmtifolium  Roth.     Alt.  5,000  ft.  (No.  34,768). 

II.  Notes  on  New  ob  Little  Known  Species. 

Carex  vitilia  Fries. 

Several  authors  have  generally  confounded  this  well  defined 
species  with  C,  hrunnescetis  (Pers.)  Poir.,  known  also  as  C, 
Persoonii  Siehe/\  and  C,  Gehhardi  Hoppe,  furnishing  a  diag- 
nosis which  inav  be  well  suitable  to  both,  but  far  from  correct  as 
to  either.  Both  have  been  very  clearly  defined  by  Fries  him- 
self,* by  Kochjt  Blytt:(:  and  various  others,  and  the  distinctive 
characters  may  be  drawn  up  as  follows:  The  inflorescence  of  (7. 
vitilis  is  composed  of  about  five,  remote,  subglobose  spikes  with 
yellowish,  spreading  perigynia  of  which  the  beak  is  quite  distinct 
and  almost  entire.  In  C,  Persoonii^  on  the  other  hand,  the 
spikes  are  oblong,  brownish,  and  the  ])erigynia  are  not  spreading, 
but  erect  with  a  beak  slit  in  its  entire  length  on  the  outer,  convex 
face.  Both  species  are  closely  related  to  the  frequent  C  can- 
esceiu  L.  but  from  which  they  are  readily  distinguished,  how- 
ever, by  their  color,  as  indicated,  their  slender  culms  and  nar- 
row leaves,  and  especially  by  the  structure  and  position  of  the 
perigynium. 

If  this  distinction  be  suflScient  for  considering  C,  vitilis  and 
C,  Persoonii  valid  species,  a  view  which  the  writer  feels  most 
inclined  to  uphold,  tue  latter,  C.  Persoonii^  evidently  does  not 
occur  on  this  continent,  judging  from  the  fact  that  we  have 
never  observed  it  in  any  of  the  large  collections  so  far  examined. 

Carex  /estiva  Dew. 

Very  few  Vig^iece  exhibit  such  pronounced  ability  to  vary 
as  is  possessed  by  this  species,  and  tlie  plasticity  becomes  espe- 
cially noticeable  when  we  compare  individuals  from  various 
stations  from  East  to  West:  from  Scandinavia  to  the  Pacific 
slope,  rather  than  from  North  to  South  or  at  different  elevations 
in  the  mountains.  For  strange  as  it  seems,  several  of  the  most 
characteristic  deviations  from  the  type  often  occur  at  the  same 
altitude,  from  the  subalpine  to  the  higli  alpine  regions,  besides 

*  Fries,  Elias :  Novit.  Florae  Siiecicfe  mantissaB,  iii,  p.  137. 

Same:  Summa  veget.  Scand.,  1846,  p.  223. 

Same  :  Botan.  Notiser,  Lund.,  1844,  p.  23. 
t  Koch :  Synopsis  Florae  Germ,  et  Helvet.,  ii,  1857,  p.  655. 
\  Blytt,  M.  N.  :  Norgea  Flora.,  i,  1861,  p.  199. 
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that  none  of  these  seem  restricted  to  certain  northern  or  south- 
ern latitudes.  On  the  other  hand,  the  variation  of  Cf estiva 
appears  to  be  well  marked  in  proportion  to  longitude,  and  it  so 
happens  that  while  the  type  seems  to  be  equally  dispersed 
from  Alaska  to  Scandinavia,  certain  varieties  are  restricted  to 
within  the  boundaries  of  the  Pacific  slope  eastward  to  the 
Rocky  Mountains,  in  other  words,  the  species  affords  an  excel- 
lent example  of  longitudinal  variation,  which  we  believe  is  a 
feature  common  to  plants  of  southern  origin  in  contrast  to 
northern  types. 

Now  in  regard  to  the  plant  from  Chilliwack  Valley,  and  we 
refer  especially  to  Nos.  26,645  and  46,  this  seems  to  represent 
the  species  as  it  is  generally  recognized,  although  the  perigy- 
nium  (fig.  1)  is  faintly  several-nerved,  and  it  must  be  borne  in 
mind  that  Dewey  makes  no  mention  of  such  nervation  in  his 
diagnosis  of  the  species  :*  "  Spicis  distigmaticis  audrogynis, 
superne  pistilliferis  siibsenis  ovatis  in  capitulum  dense  aggre- 

fatis ;  f  ructibus  ovatis  oblongis  rostratis  in  apice  serrulatis 
ifidis  convexo-planis,  squama  ovata  acutiuscula  longioribus." 
The  specimens  upon  which  the  species  was  established  came 
from  "  Bear  Lake  and  the  Rocky  Mountains."  However,  all  sub- 
sequent authors  describe  the  perigynium  a«  nerved  on  both  faces, 
faintly  or  even  prominently  so,  and  Boott,f  "  who  had  authen- 
tic material  at  his  disposal,  did  not  hesitate  to  refer  similar 
specimens  with  the  perigynium  "'  nervose "  to  this  species  of 
Dewey.  And,  so  far,  allindividuals  that  have  been  examined 
and  described  exhibit  such  nervation  to  a  more  or  less  extent, 
a  character  that  seems,  besides,  to  be  common  to  all  the  vari- 
eties known.  It  may  be  that  the  ('hilliwaek  plant  is  nearer 
the  type  than  any  of  the  others  on  account  of  the  perigynium 
being  merely  faintly  few-nerved,  but  otherwise  it  is  hardly 
difEerent  from  the  one  figured  as  No.  2  on  the  same  plate,  taken 
from  a  specimen  collected  at  Kananaskis  in  the  Rocky  Moun- 
tains of  British  Columbia.  We  might  here  call  attention  to  the 
fact  that  the  majority  of  specimens,  generally  recognized  as  typ- 
ical, from  this  continent  as  well  as  from  Greenland  and  Scandi- 
navia exhibit  the  same  nervation  and  outline  of  perigynium  as 
the  plant  from  Kananaskis  (fig.  2).  The  habit  of  these  specimens 
is  exactly  the  same,  furthermore  the  sha])e  and  color  of  the 
inflorescence  is  also  similar.  If  we,  on  the  other  hand,  exam- 
ine some  of  the  varieties,  for  instance  '^ decuvihens'''^  (fig.  4), 
we  observe  a  perigynium  of  much  larger  proportions  and  a 
habit,  which  is  very  distinct,  and  whieli,  to  some  extent,  may 
call  to  mind  that  of  Carex  incurva  Lightf,  In  the  var.  Hay- 
deniana  (fig.  3)   the  perigynium    shows  the  same   nervation, 

♦  This  Journal,  vol.  xxix,  1836,  p.  246. 
fllluatr.  of  the  genns  Carex ^  vol.  1,  p.  26. 
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but  tite  outline  is  verv  different,  tlie  body  being  very  nam 
and  tlie  beak  rcbitivelv  lunfier  tlian  in  the  typical  plant,  beaic 
that  the  color  of  the  spikeet  is  very  dark,  almost  black.     Kevi 


.71  Holm — Studies  in  the  Cyperacece.  17 

theless,  none  of  these  varieties  seem  sufficiently  characteristic 
for  being  considered  as  specifically  distinct,  inasmuch  as  many 
intergradating  forms  have  been  observed  between  these  and 
the  one  which  we  consider  typical. 

There  is,  still,  another  Carex  from  the  Chilliwack  Valley, 
which  we  are  most  inclined  to  refer  to  this  same  species, 
although  its  very  slender  culms  and  leaves,  besides  the  conspicu- 
ously spreading  perigynia,  make  it  somewhat  anomalous  as 
C.  f estiva.  Specimens  of  this  plant  (No.  26,647-48)  were 
labeled  C,  illota  Bailey  by  Mr.  Macoun,  and  from  their  habit 
they  are  not  unlike  this  species,  which,  however,  is  identical  with 
Kunth's  C.  Bonplandii  var.  angustifolia.  An  examination 
of  the  perigynium  (fiff.  5)  proved,  however,  that  this  does  not 
show  the  sti-ucture  oi  that  of  C,  Bonplandii^  but  rather  that 
of  C.  f estiva^  hence  we  prefer  to  enumerate  it,  at  least  "ad 
interim,"  as  a  variety  of  the  latter. 

Carex  spectabilis  Dew.  (fig.  A,  p.  18.) 

The  original  diagnosis*  reads  as  follows:  *'Culm  8  to  12 
inches  higli,  erect,  smooth,  striate;  leaves  sheating,  flat  and 
smooth,  upper  ones  about  equalling  the  culms ;  bracts  long  and 
leafy ;  staminate  spike  single,  erect,  cylindric  and  oblong,  with 
oblong  obtusish  scales ;  stigmas  3  ;  pistillate  spikes  2  to  3,  ovate, 
cylindric,  erect,  remotish,  pedunculate,  and  the  lowest  long- 
pedunculate,  sheaths  short;  fruit  ovate,  obtuse  nerved,  scarcely 
rostrate,  orifice  two-lobed  ;  pistillate  scale  oblong,  lanceolate, 
short  mucronate,  all  reddish  brown,  and  a  little  longer  than 
the  fruit.     Found  in  the  Arctic  regions.  " 

Carex  spectahUism  several  respects  is  suggestive  of  C,  macro- 
cheetu  Mey.,  but  differs  constantly  from  this  by  its  merely 
mucronate  squamae,  the  cylindrical  and  dense-flowered  spikes, 
the  two-lobed  or  sim])ly  emarginate  orifice  of  the  perigynium 
(figs,  a,  b  and  c),  of  which  only  three  nerves  are  visible  on  the 
outer  face.  In  6'.  niacrochmta  the  scales  are  aristate,  the  mid- 
vein  being  very  much  extended  beyond  the  apex  of  the  scale, 
the  spikes  are  relatively  shorter  and  lax-flowered;  furthermore, 
the  perigynium  is  quite  prominently  several-nerved  and  the 
orifice  entire  (fig.  d)  and  constantly  so,  judging  from  the  numer- 
ous specimens  which  we  have  examined.  But  common  to  both 
are  tne  aphyllopodic  culms  and  distinctly  pedunculate  pistillate 
spikes,  which,  however,  are  often  drooping  in  C,  macrochceta^ 
but  merely  spreading  or  erect  in  C,  spectahilis.  As  to  the 
color  of  the  foliage,  it  appears  as  if  the  leaves  and  perigynia 
are  deeper  green  in  the  latter. 

♦  ThiB  Journal,  vol.  xxix,  1836,  p.  248. 

Am.  Jour.  Sci. — Fourth  Series,  Vol.  XVIII,  No.  103.— July,  1904. 
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f^^^^tn^ii^m^  tL&i^. 


The  systematic  position  of  C.  mno-oclxsta  seems  most  natur- 
ally tf»  lie  among  tlic  Aeorasiuchi/w^  bijt  in  regard  to  the  other 
species,  certain  analogies  exist  oetween  tliis  and  V.  atrata, 
(J.  Mertejisli  and  their  allies,  thus  we  have  placed  C.  spectabi- 
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lis  as  the  last  member  of  the  Melanaiithee^  showing  transition 
to  tlie  former  *'grex"  through  C\  inacrochmta.  The  geograplii- 
eal  distribution  of  C.  ypectahilis  extends  from  the  Chiliiwaek 
Yalley  south  to  California,  but  the  species  is  evidently  quite 
rare. 

Carex  vulgaris  Fr.  var.  lipocarpa  nob. 

Most  of  the  material  of  (7.  mdgaris  secured  from  the  North- 
west belongs  to  this  variety,  and  it  is  this  plant  which  by  recent 
American  Caricographers  has  been  identified  as  Boott's  C, 
decidua.  Mr.  C.  B.  Clarke  has  called  our  attention  to  this  mis- 
take, and  we  owe  to  him  the  important  information,  that  even 
if  Boott  at  one  time  considered  both  of  these  identical,  he,  later 
on,  corrected  the  determination  in  regard  to  the  AVest  Ameri- 
can plant,  and  reserved  the  specific  name  decidua  to  the  South 
American  exclusively. 

The  diagnosis  of  C.  decidua  was  published  in  Transacts. 
Linn.  Soc.  (vol.  xx,  1845,  p.  119),  and  the  following  points  may 
be  quoted  as  sufficient  for  distinguishing  the  species  from  vari- 
eties of  C,  vulgaris:  "spicis  4-7  erectis;  suprema  mascula 
vel  androgyna  basi  vel  apice  et  basi  mascula — perigyniis 
denticulato — serratis."  It  is  no  doubt  a  near  ally  of  C,  vulgarisy 
and  perhaps  more  especially  so  of  the  variety  lipocarpa,  but 
even  if  the  perigyuia  and  the  scales  are  deciduous  in  both,  the 
charactei-s  enumerated  above  are  not  to  be  observed  in  this  par- 
ticular form  of  C,  vulgaris, 

( 'arex  dives  nob. 

No.  33,753  of  this  collection  was  identified  by  Mr.  Macoun 
as  C.  variabilis  Bail.  var.  elatior  Bail.,  but  it  differs  in  several 
essential  points  from  tliis  variety  and  can  not  be  referred  to  C, 
variahilis.  Habitually  it  is  more  like  C\  Sitchensis  Presc, 
l)Ut  the  spikes  are  more  numerous,  more  dense-flowered,  the 
squamae  lack  the  characteristic  spot  at  the  apex,  the  perigynium 
is  broader,  prominently  granular  and  often  spinulose  along  the 
upper  margins,  hence  we  have  identified  the  species  a^  our  C. 
diveSj  established  upon. a  plant  from  Oregon,  collected  several 
years  ago  by  Professor  Henderson.  The  species  is  eloselv 
allied  to  C.  Sitchensis,  and  may  be  ])laced  near  this  and  (7, 
acuta  of  the  Mierorhynchw. 

Carex  Hendersonii  Bail. 

This  represents  the  Western  and  especially  the  North- 
western type  of  the  higher  developed  Lejochlance  of  this  con- 
tinent, the  others  showing  a  decided  Eastern  distribution,  for 
instance  C.  laxifiora,  C.  plantaginea,  C,  digitalis,  etc.  But 
among  the  lower  forms,  among  those  which  we  have  enume- 
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rated  as  "  hebetatae,"  are  some,  which  are  also  characteristic 
the  AVestern  States,  e.  ^.,  C.  Geyeri  and  C.  multicaulis^  wli 
C\  polytrichoidea  is  rare  in  that  part  of  the  continent,  I 
abundant  in  the  East,  on  the  Atlantic  slope. 

Car  ex  sclrpoidea  Michx. 

The  original  diagnosis  reads :  "  C.  planifolia,  dioica,"  sp 
unica,  inibricato-cylindrica :  capsulis  dense  pubescentibus,  Hj 
ad  sinum  Hudsonis."* 

The  first  specimens  known  were  thus  monostachyous,  t 
since  then  the  species  has  been  observed  as  being,  and  not  ve 
uncommonly  so,  distachyous:  with  a  small,  lateral  spil 
staminate  in  the  staminate  plant,  pistillate  in  the  pistilla 
developed  in  the  axil  of  a  bract,  whieli  is  always  noticeable 
a  short  distance  below  the  terminal  spike,  as  already  mention 
by  Drejer,  who  observed  this  peculiarity  in  (xreenland  spe 
mens.  The  geographical  distribution  has  been  widely  extend 
from  Hudson  Bav  throiiffhout  the  continent  towards  t 
Atlantic  and  Pacific  slope,  as  far  south  as  Colorado  and  Cj 
fornia,  besides  that  the  species  has  been  recorded  from  Gree 
land  and  even  from  the  mountains  of  northern  Norway,  whe 
it,  how^ever,  seems  to  be  very  rare.  It  is  very  natural  tha 
species,  so  widely  dispei'sed,  exhibits  some  variation,  and 
indicated  in  the  enumeration  of  the  species  the  Chilli wh 
plant  deviates  to  some  extent  from  the  typical,  the  one  frc 
Hudson  Bay,  which  is,  also,  the  most  commonly  met  wii 
We  have,  furthermore,  noticed  some  peculiarities  in  the  Cfl 
fornian  plant,  which  seem  to  warrant  the  proposition  of  soi 
varieties.  The  variation,  however,  seems  confined  to  the  stri 
ture  of  the  utricle  rather  than  to  the  relative  size  of  the  plai 
its  robustness,  the  outline  of  the  spike,  etc.,  characters  tl 
seem  too  variable  to  be  depended  upon  in  any  species  of  t 
genus.     The  Chilliwack  plant  may  be  described  as  follows  : 

var.  stenochlcena  nob. 

A  very  tall  and  slender  plant  with  the  pistillate  spike  clava 
loose  flowered,  especially  at  the  base,  -the  perigynium  (fig. 
longer  and  much  narrower  than  in  the  type,  spreading,  ve 
densely  pubescent,  with  the  orifice  of  the  beak  entire,  ciliat 
stigmata  3.    Also  collected  in  Alaska :  Juneau  and  by  Yes  Bt 

var.  gigas  nob.  (fig.  8). 

Spikes  mostly  2,  very  robust  and  dense-flowered  ;  the  nu 
ber  of  bracts  sometimes  3  (2  empty) ;  perigynium  broad 
than  in  the  type,  loosely  pubescent  and  distinctl}' many-nerve 
orifice  of  the  beak  as  in  the  type,  bidentate:  stigmata  2  or 

*Michaux  :  Flora  boreali- Americana,  ii,  171. 
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the  style  not  exserted.     Only  known  from  Siskyioii  County, 
California :  Mt.  Eddy.* 

Scirpus  Macounii  sp.  n.  (fig.  9). 

Perennial  with  ascending  shoots,  the  leaf-sheaths  not  fibril- 
lose  ;  basal  leaves  much  shorter  than  the  culm,  flat,  about  1*^'" 
wide,  the  midrib  distinct,  very  scabrous  below,  glabrous  above, 
light  green  ;  cauline  leaves  with  long  sheaths ;  culm  erect,  tri- 
angular scabrous,  leafy  to  about  the  middle,  one  meter  in 
height,  phyllopodic;  inflorescence  umbellate,  decompound,  the 

[)riniary  rays  s(;abrous,  from  1  to  7^°*  in  length  subtended  by 
ong,  foliaceous  involucral  bracts  and  small,  tubular  prophylla 
with  or  without  a  short  setiform  blade  ;  secondary  rays  many 
but  much  shorter,  only  1  to  3^'"  in  length,  subtended  by  scale- 
like leaves  and  minute  prophylla;  spikes  3  to  6  together, 
sessile,  cylindric,  about  half  a  centimeter  in  length ;  scales 
greenish  brown,  lanceolate,  acuminate,  the  midrib  stout  and 
extended  into  a  short  mucro ;  setae  6,  straight,  a  little  longer 
than  the  caryopsis,  downwardly  barbed  to  near  the  base ; 
stamens  2,  seldom  3  ;  stigmata  2  or  3 ;  caryopsis  light  bfown, 
roundish  in  outline,  compressed  triangular  in  cross-section. 

Evidently  a  near  ally  of  S.  »f/lvaticu8^  but  in  this  the  scales 
are  obovate-oblong,  slightly  emarginate  with  a  short  mucro 
from  the  extended  midrib,  the  stamens  are  only  2  in  number, 
the  setae  4  and  the  stigmata  nearly  always  2,  besides  that  the 
spikes  are  shorter  and  more  oval. 

III.  The  Geographical  Distribution. 

The  Cyperaceie  of  the  Chilliwack  Valley  represent  certain 
types  of  wide  geographical  range,  some  of  which  are  arctic  : 
Carex  nardina^  f estiva^  scirpoldea^  Eriophomcm  gracile  and 
S(rirpns  ccRspitosus^  while  Carex  canescens  and  rlviophoruni 
angxistifolimn  are  even  circumpolar.  Some  others  are  con- 
fined to  this  continent,  but  extend  as  far  east  as  the  Atlantic 
slope,  for  instance  Carex  Behhil^  interior^  Crawfordii^  Deiaey- 
an<i^  arcta^  stipata^  teretiuscula  and  polytrlchoides^  while  C. 
liEvicidmis^  mertensii,,  spectabilis^  vulyaris  var.  llpocarpa^ 
dives  J  Hendersmiii^  ?ngn'cans,  ahlata  and  Rossii  are  mostly 
western  species,  sometimes,  however,  extending  eastward  to 
the  Kocky  Mountains.  Eleocharls  palustris  is  cosmopolitan, 
and  £.  ovata  is  known  from  Middle  Europe,  Caucasus  and 
Dahuria,  besides  from  Australia. 

Moreover,  some  of  these  species  occur  as  alpine  farther  south, 

•  C,  ps€udo8cirpoidea  Rydberg  has  been  described  in  the  Flora  of  Montana 
(p.  78)  as  a  segregate  from  C.  scirpoidea  Michx.,  but  we  find  none  of  the 
characters  sufficient  for  segregating  the  Montana  plant  from  the  type ;  more- 
over, the  description  is  incorrect,  for  instance  the  perigyniam  is  said  to  be 
** densely  hirsute"  instead  of  merely  "pubescent,'*  etc.,  besides  that  the 
name  '*  Greek- Latin-0reek  "  is  not  admissible. 
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in  Colorado:  Carex  nardina  and  f estiva^   while    C.  Rossii^ 
nigricans  and  schyoidea  (the  typical)  are  merely  subalpine. 

When  we  consider  the  Gyperobceoi  of  the  Chilliwaek  Valley 
by  themselves,  they  offer  a  strange  commingling  of  types  not 
only  in  regard  to  their  distribution  elsewhere,  but,  also,  in 
respect  to  the  types  they  represent.  No  doubt  the  flora  of  the 
valley  has  been  influenced,  and  to  a  great  extent,  by  the  reced- 
ing ice  during  the  glacial  epoch,  when  a  number  of  plant- 
species  moved  north  hy  way  of  the  Rocky  Mountains,  but  there 
is,  also,  some  evidence  of  other  species  having  reached  this 
place  in  a  much  later  period,  for  instance  the  eastern  species. 

It  would  be  interesting  to  know  how  the  geographical  dis- 
tribution compares  with  the  other  orders,  and  quite  es|>ecially 
with  those  that  contain  types  of  the  arctic  or  at  least  of  the 
northern  Flo!*a,  such  as  the  Scueifragaeew^  Jianuninildeeas^ 
Juncacem  and  Graininea^,  And  in  regard  to  the  types,  as  we 
have  seen  these  represented  by  the  Cyperace(B^  it  is  somewhat 
strange  to  see  so  many  Vignece  in  proportion  to  Cari^^es 
genuinm  in  a  corner  of  the  continent,  where  the  latter  usually 
appear  to  be  predominathig in  species  as  well  as  in  individuals; 
for  the  latter  are  really  poorly  represented,  when  compared 
with  those  of  the  Alaskan  coast  and  Oregon.  This  seems  the 
more  remarkable  when  we  notice  that  the  Scirpece  of  the  val- 
ley are  the  same,  almost,  as  those  of  Alaska  and  vicinity. 

As  far  as  concerns  the  Cyperacem^  the  valley  seems  to  have 
been  a  meeting-place  of  a  number  of  species  from  remote 
localities  and  of  remarkably  specialized  types,  so  utterly  unlike 
each  other.  The  magnificent  collections  and  carefully  drawn 
observations  will,  no  doubt,  enable  Mr.  Macoun  to  further 
illustrate  the  character,  the  composition  and  origin  of  this 
interesting  vegetation. 

EXPLANATION  OF  FIGURE  I. 

Figure  1. — Perigynium  of  Carex  f estiva  (No.  26,646)  ChiUiwack  VaUey  ; 
magnified. 

FiQURK  2. — Perigynium  of  Car^jr/es^irofromKananaakis,  Rocky  Mts.,  B.  C. 

FiauRE  8. — Perigynium  of  same  var.  Haydeniana  from  Mt.  Massive,  Colo- 
rado. 

Figure  4. — Perigynium  of  same  var.  dccuinft^tw  from  Pagosa  peak,  Colorado. 

Figure  5. — Perigynium  of  same  var.  (No.  26,648)  from  Chilliwaek  Valley. 

Figure  6. —Perigynium  of  C.  scirpoidea  (typical)  from  Montana. 

Figure  7. — Perigynium  of  C.  scirpoidea  var.  stenochlania  from  Chilliwaek 
Valley. 

Figure  8. — Perigynium  of  C.  scirpoidea  var.  gigas  from  Mt.  Eddy,  California. 

Figure  9. — Caryopsis  and  setae  of  Scirpus  Macounii  sp.  n. 

Figure  II. 

Carex  spectabilis  from  Chilliwaek  Valley  ;  natural  size. 

Figure  a. — Perigynium  of  same,  magnified. 

Figure  b. — Perigynium  of  same  from  Nevada  County,  California. 
Figure  c. —  Perigynium  of  same  from  Kicking  Horse  Lake,  B.  C. 
Figure  d. — Perigynium  of  C.  macrochceta  from  Alaska. 


Beecker — New  Permian  Xiphoswran  from  Kanaaa. 


Art.   III.  —  Note  on  a  New  Permian  Xiph 
Kansas;  by  Charles  E.  Beecher.* 

Thbocoh  the  courtesy  of  Mr.  J.  W.  Beede,  of  Indiana  Uni- 
vereity,  the  writer  liae  had  an  oppoi-tunity  to  examine  a  por- 
tion of  the  cephalothorax  of  a  large  Xiphoenran  from  the 
PeriuiaTi  of  Kansas,  It  apparently  helongs  to  the  gCTins  PresU 
wickia  and  it  is  chiefly  interesting,  aside  from  its  large  size,  on 
account  of  its  coming  from  a  higher  horizon  than  any  other 
American  species  yet  known. 


In  the  March  nuniher  of  the  American  Geologist  for  1003, 
the  writer  described  a  species  of  Presticichia  from  the  Clie- 
mnng  (Devonian)  of  Pennsylvania,  which  carried  the  geolog- 
ical distribntion  of  the  genus  from  the  Coal  Measures  to  the 
Upper  Devonian.  The  present  species  extends  its  i-ange  in  the 
other  direction  as  far  as  the  lower  Permian.  The  Carboniferous 
forms  of  Prestwichia  in  general  show  very  little  evidence  of  the 
segmental  nature  of  the  cephalothorax,  and  it  was  of  consider- 
able interest  to  describe  m  the  Chemung  species  a  series  of 
nodes  on  each  side  of  the  glabellar  region  corresponding,  it 
was  believed,  to  five  of  the  six  pairs  of  appendages  on  the  ven- 
tral side.  The  new  Permian  form  also  exliibits  a  similar  series 
of  appendicular  lobes  on  each  side  of  the  axis,  which  agree  in 
*  Among  the  papers  of  the  late  Profesaor  Beecher  was  found  the  mann- 
script  of  thi»  wrticle  as  here  printed.  The  mannstript  was  compared  with 
the  cast  of  the  foaail  and  foand  to  be  complete  as  far  as  the  very  imperfect 
but  iDterMtiug  specimen  will  pennit.— Cbarlgb  Scbuchsrt. 
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position  and  form  witli  the  earlier  species.  It  is  also  possible 
to  detect  an  additional  anterior  pair,  making  the  full  number 
of  six  altogether. 

*  Prestwichia  sig^iata^  sp.  no  v.  (figure  1). 

A  diagnosis  of  the  species  is  necessarily  quite  incomplete, 
owing  to  the  fact  that  thus  far  only  a  portion  of  the  internal 
mold  of  a  single  cephalothorax  has  been  discovered.  It  is 
believed,  however,  that  the  characters  preserved  will  readily 
serve  to  identify  the  species,  which  is  geologically  quite 
important. 

Cephalothorax  large,  depressed,  convex,  flattened  on  the  dor- 
sal side  between  the  eyes,  slightly  arched  in  a  longitudinal 
direction.  The  glabellar  region  is  marked  b}^  a  subconical  ele- 
vation, angular  along  the  median  line,  and  terminating  in  front 
by  a  small,  round  ocellar  node,  distant  from  the  anterior  margin 
about  one-sixth  of  the  estimated  length  of  the  cephalothorax. 
Extending  from  the  posterior  margin  of  the  cephalothorax 
are  two  low  subangular  ridges  starting  at  points  from  the 
median  line  equal  to  the  basal  diameter  of  the  glabellar  cone, 
passing  forward  and  curving  slightly  outward  to  the  eyes, 
thence  turning  a  little  toward  the  axis  and  merging  into  the 

feneral  contour  before  reaching  the  anterior  end  of  the  cone, 
'he  space  thus  enclosed  on  each  side  is  occupied  by  live  low 
rounded  nodes,  of  which  the  posterior  one  is  somewhat  the  larger 
and  obliquely  pointed  behind.  Just  at  the  apex  of  the  cone, 
and  behind  the  ocellar  node,  is  a  pair  of  small  transverse  nodes, 
thus  making  six  on  each  side.  The  second  and  third  of  each 
series  are  faintly  delimited,  while  the  fourth,  fifth,  and  sixth  are 
very  clearly  shown.  The  glabellar  axis  also  shows  extremely 
faint  annulations  corresponding  to  the  lateral  lobes.  Opposite 
the  third  pair  of  lobes  are  the  reniform  or  crescentic  eyes, 
which  are  large  and  prominent  for  the  genus.  Two  minute 
spots  on  each  side  of  the  small  anterior  median  lobe,  and  distant 
from  each  other  about  1*5'"'",  indicate  the  ocelli. 

The  surface  of  the  specimen  represents  a  mold  of  the  inner 
surface  of  the  test,  and  is  covered  with  a  plexus  of  very  slender 
anastomosing  vascular  furrows  and  ridges,  much  like  those  in 
the  modern  Limulus, 

The  cephalothorax  as  preserved  has  a  length  of  45°'"'.     The 

glabellar  cone  measures  33™"'  in  length  and  IS'""*  across  at  the 
ase.  The  outer  edge  of  the  eyes  is  about  20"'™  distant  from 
the  median  line  and  measures  fully  5™"'  in  anteroposterior 
diameter. 

Genal  regions,  abdomen,  and  telson  unknown. 
Horizon  and  Lucaliiy, — In  the  Fort  Riley  limestone  of  the 
lower  Permian,  three  miles  west  of  Stockdale,  Kansas.     The 
plastotype  is  in  the  Yale  University  Museum. 

Laboratory  of  Paleontology,  Yale  University  Mnseum, 
New  Haven,  Connectiout,  December  1,  1908. 
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Art.  IV. — Kxinzite  and  its  Uniqite  Properties  ;  by  Charles 

Baskerville  and  George  F.  Kunz. 

In  a  recent  investigation*  made  by  us  on  the  behavior  of  a 
large  number  of  minerals  and  gems  witli  various  forms  of 
radiant  energy,  including  the  emanations,  as  well  as  on  the 
production  oi  himinescence  in  some  cases  by  other  physical 
means,  the  new  variety  of  spodnmene,  designated  kunzite,  was 
found  to  be  peculiarly  sensitive,  and  to  exhibit  some  remark- 
able properties. 

In  general,  as  showm  by  these  investigations,  the  gem-min- 
erals were  little  affected  bv  ultra-violet  rave :  but  three  species 
exhibited  a  high  degree  of  responsiveness  to  these  and  to  all 
forms  of  radio-activity,  so  far  experimented  w^ith.  These  min- 
erals were  diamonds  of  certain  kinds ;  willemite  (zinc  orthosili- 
cate),  which  in  some  cases  has  been  used  as  a  gem-s1;one,  and 
kunzite.  The  behavior  of  the  last,  as  noted  in  various  experi- 
ments, is  unique  and  will  be  briefly  described  here  by  itself. 

1.  Attrition  and  heat, — Kunzite  does  not  become  luminous 
by  attrition,  or  rubbing.  Several  specimens*  were  held  on  a 
revolving  buff  cloth  making  3000  revolutions  per  minute,  so  hot 
as  to  be  almost  unbearable  to  the  hand,  and  still  it  failed  to 
become  luminous.  Wollastonite,  willemite  and  pectolite  are, 
however,  very  tribo-luminescent. 

As  to  luminescence  induced  by  heat  alone,  it  was  found  that 
kunzite  does  possess  the  property  of  thermo-luminescence  to 
some  extent,  with  an  orange  tint  and  at  a  low  degree  of 
heat. 

2.  Electricity. — The  mineral  assumes  a  static  charge  of 
electricity,  like  topaz,  when  nibbed  with  a  woolen  cloth.  On 
exposing  kunzite  crystals  of  different  sizes  to  the  |)assage  of  an 
oscillating  current  obtained  from  large  Ilelmholtz  machines, 
the  entire  crystal  glowed  an  orange-pink,  temporarily  losing  the 
lilac  color.  A  well-defined,  brilliant  line  of  light  appeared 
through  the  center,  apparently  in  the  path  of  the  current.  On 
discontinuing  the  current,  the  crystal  gave  the  appearance  of  a 
glowing  coal.  It  was  not  hot,  however,  and  the  phospho- 
rescence lasted  for  forty-iive  minutes. 

Three  large  crystals,  weighing  200,  300  and  400  grams  each, 
were  attached  to  copper  wires  so  that  the  current  passed  in  one 
instance  from  below  up,  and  from  the  other  upwards  across  the 
crystal — first  across  the  prism,  then  parallel  with  the  prism. 
In  each  instance  the  crystals  became  distinctively  luminous,  a 
pale  orange-pink,  and  between  the  two  wires  a  bright  almost 

♦Science,  N.  S.,  xviii,  769,  1903. 
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transparent  line  passed  from  one  wire  to  tlie  otlier ;  in  reality, 
as  if  tlie  two  elongated  cones  crossed  each  other,  the  line  of 
the  path  being  transparent  at  the  sides,  whereas  the  rest  of  the 
crystals  ap{>eared  translucent.  After  the  exposure  of  two 
minntes.  they  were  laid  upon  pliot<^raphic  platett  and  in  five 
minutes  ])rodiiced  a  fine  auto-print,  herewith  shown.  The 
crystals  continned  t^  glow  for  forty-five  minutes. 


FiocRS  1.— Self-print  made  by  the  exposure  of  crystal  of  kanzite  to  the 
Koeotgen  rays  for  five  mimitee.  Note  the  frond-like  emanations  at  the  ends 
of  the  cryBtal. — Bednced  one-half. 

FlouRB  S. — Auto-print  of  crystal  of  kanzite  lamineacence  indaced  by  an 
oBcillating  cnrreut  obtained  from  a  Helmholtz  machine. — Reduced  one-half. 

When  a  cut  gem  is  suspended  between  the  two  poles,  it 
becomes  an  intense  orange-pink  color,  s^lowiug  with  wouderfnl 
brilliancy.  The  discharge  seemed  as  i^  it  would  tear  the  gem 
asunder,  although  actually  it  was  unaffected. 

3.  Jjltra^iolet  rays.— 'i\i%m  invisible  rays,  produced  by 
sparking  a  high  voltage  current  between  iron  terminals,  caused 
knnzite,  white,  pink  or  lilac,  to  phosphoresce  for  some  minutes. 
The  white  responded  most  readily. 

4.  Roentgen,   or  X-rays. — All   forms   of    knnzite   become 
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strongly  phosphorescent  under  these  rays.  An  exposure  of 
half  a  minute  caused  three  cut  gems  to  glow  first  a  golden-pink, 
and  then  white  for  ten  minutes.  The  glow  was  visible  through 
two  thicknesses  of  white  paper,  whicli  was  held  over  it.  A 
large  crystal  excited  for  five  minutes  afterward  affected  a  sen- 
sitive photographic  plate.*  Another  crystal,  exposed  for  ten 
minutes,  was  laid  for  five  minutes  on  a  sensitive  plate.f  The 
resulting  auto-photograph  was  clear  and  distinct,  but  presented 
a  very  curious  aspect  not  seen  by  the  eye — as  of  a  misty  or 
feathery  outflow  from  the  side  ana  termination  of  the  crystal, 
suggesting  an  actual  picture  of  the  invisible  lines  of  force.  The 
other  varieties  of  spodumene,  mineral  material  and  cut  gems, 
failed  to  show  this  property.  We  are  not  yet  in  a  position  to 
offer  a  satisfactory  explanation  of  the  above. 

Whereas  kunzite  is  so  responsive  and  fluorescent  and  so 
beautiful  upon  exposure  to  the  X-rays,  it  is,  liowever,  like  all 
silicates,  opaque  to  the  ray  itself.  Four  crystals  weighing  100, 
200  and  400  grams  each,  were  exposed  to  the  Roentgen  ray  for 
two  minutes.  They  became  first  a  beautiful  rose-orange,  then 
assumed  a  white  phosphorescence,  and  at  the  end  of  forty-five 
minates  there  was  still  a  faint  residual  glow.  Two  minutes 
exposure  to  the  X-ray  caused  them  to  print  a  perfect  auto-type 
(herewith  shown,  fig.  2).  The  glow  in  all  instances  showed  first 
a  rose-orange  color,  then  a  pale  pink,  finally  resolving  into  a 
white  fluorescence ;  the  auto-print  shows  the  feathery  outlines 
of  light  or  energy  thrown  out  by  the  crystal. 

5.  Conduct  with  radium  preparations, — Exposed  for  a  few 
minutes  to  radium  bromide  with  a  radio-active  strength  of 
300,000  (uranium  being  taken  as  unity),  the  mineral  becomes 
wonderfully  phosphorescent,  the  glow  continuing  persistently 
after  the  removal  of  the  source  of  excitation.  The  bromide  was 
confined  in  glass.  Six  hundred  grams  of  kunzite  crystals  were 
thus  excited  with  127  milligrams  of  the  radium  bromide  in  five 
minutes.  The  effect  is  not  produced  instantaneously  but  is 
cumulative,  and  after  a  few  moments  exposure  the  mineral 
begins  to  glow,  and  its  phosphorescence  is  pronounced  after  the 
removal  of  the  radio-active  body.  The  luminosity  continued 
in  the  dark  for  some  little  time  after  the  radium  was  taken 
away.  No  other  varieties  of  spodumene  examined,  including 
hiddenite,  gave  like  results.  In  this  respect,  as  with  the 
Roentgen  rays,  the  kunzite  variety  stands  by  itself. 

When  pulverized  kunzite  is  mixed  with  radium-barium 
chloride  of  240  activity  or  carbonate  of  lower  activity,  the 
mixed  powder  becomes  luminous  and  apparently  remains  so 
permanently ;  i.  e.,  in  several  months  no  loss  has  been  observed. 

•Science,  N.  S.,  xviii,  303,  1903. 

fThis  was  made  by  Dr.  H.  G.  Piflfard  of  New  York  City. 
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The  same  is  the  case  if  pulverized  wollastouite  or  pectolite  1)6 
used  instead  of  the  kuuzite.  When  either  of  these  mixtures  is 
put  in  a  Bologna  flask  and  laid  on  a  heated  metal  plate  (less 
than  red-hot),  the  }X)wder  becomes  incandescent  and  remains  so 
for  a  long  time  after  removal. 

These  three  minerals  phosphoresce  b}'  heat  alone,  as  was  men- 
tioned above  in  regard  to  kunzite.  Perhaps  this  luminosity  of 
the  mixed  powders  at  the  ordinary  temperature  may  be 
accounted  for  in  part  by  the  evolution  of  heat*  on  the  part  of 
the  radium  compounds,  but  there  are  experimental  reasons 
which  cause  us  to  reject  such  explanation  for  the  total  efiPect. 

The  emanation  of  radium,  the  a-rays,  according  to  Ruther- 
fordf  are  condensed  at  a  temperature  of— 130°  to— 140°  C. 
The  emanations  were  driven  from  radium  chloride  by  heat  and 
condensed  with  liquid  air  on  a  number  of  kunzite  crystals, 
according  to  a  method  which  will  be  described  by  one  of  us 
(B)  and  Lockhart  in  another  paper,  and  no  phosj)horescenee 
observed.  Consequently  kunzite  responds  only  to  the  y-f^ays^ 
which  are  believed  to  be  virtually  Roentgen  rays. 

6.  Actinium, — A  sample  of  the  still  more  rare  and  novel 
substance  discoverd  by  Professor  DebierneJ  and  received  from 
him  through  the  courtesy  of  Professor  Curie,  was  also  tried  as 
to  its  action  upon  kunzite  and  some  other  minerals.  The 
actinium  oxide,  with  an  activity  of  10,000  according  to  the 
uranium  standard,  gave  oflf  profuse  emanations  and  aflFected 
diamonds,  kunzite  and  willemite  in  a  manner  similar  to  the 
radium  salts,  with  quite  as  much  after-continuance.  However, 
we  have  not  tried  the  condensation  of  these  emanations  upon 
t\\e  minerals  by  refrigeration. 

The  peculiar  properties  of  the  kunzite  variety  of  spodumene, 
which  have  been  enumerated,  have  not  been  observed  in  any 
other  of  the  gem  or  gem-minerals  that  we  have  examined.  It 
is  barely  possible  that  the  small  amount  of  manganese  may 
have  nmch  to  do  with  it,  but  from  our  present  knowledge 
basing  a  chemical  explanation  thereon  is  idle. 

*P.  Curie  and  Laborde,  Comptes  Rend.,  cxxxvi,  673. 
fPhil.  Mag.,  V,  561.  ^Compt.  Rend.,  cxxix,  593. 
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Art.  V. — Analysis  of  Kunzite  ;  by  R.  O.  E.  Davis. 

At  the  request  of  Professor  Charles  Baskerville,  Director 
of  the  Chemical  Laboratory,  I  undertook  the  chemical  analysis 
of  kunzite,  the  new  and  beautiful  variety  of  spodumene, 
described  by  Kunz  and  himself.*  The  methods  used  were 
those  given  in  Hillebrand's  excellent  "Principles  of  Rock 
Analysis  "t  and  need  not  be  re-stated  here. 

A  selected,  clean,  deep  lilac-colored  crystal,  quite  free  from 
flaws,  was  ground  to  an  impalpable  powder  and  used  in  the 
analytical  work.     Following  are  the  figures  obtained  : 

Percent. 

SiO    64-05 

A1,0, 27-30 

NiO 0-06 

MnO O-ll 

ZnO 0-44 

CaO 0-80 

MgO  none 

K,0 0-06 

NaO 0-30 

Li,0 -.  688 

Loss  on  ignition 0*15 


Total 100-15 

No  chromium,  vanadium,  titanium,  iron,  strontium,  barium, 
thorium,  zirconium  or  pliosphorus  was  found.  On  account  of 
the  unique  properties  possessed  by  the  mineral  the  other  rare 
earths  were  looked  for.  Dr.  W.  J.  Humphreys,  of  the  Rouss 
Physical  Laboratory  of  the  University  of  Virginia,  kindly 
photographed  the  arc  spectrum  obtained  from  the  material 
which  had  been  freed  from  silicon  and  lithium.  He  reported 
none  of  the  characteristic  lines  of  cerium  and  yttrium  groups 
present.     The  material  lost  its  pink  color  on  ignition. 

University  of  North  Carolina. 

*  See  the  preceding  paper ;  also  Science,  xviii,  303  and  769,  1903. 
f  BuUetin  of  the  U.  S.  Geological  Survey,  No.  176. 
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Art.  VI. —  The  Occurrence  of  Celestife  near  Sf/racfise^  A\Y.^ 
and  its  Relation  to  the  Vermtcuhir  Limestones  of  the  Salina 
Epoch;*  by  Edward  II.  Krauh. 

Last  summer,  while  conducting  a  field  excursion  with  a 
class  in  geology  from  the  Summer  School  of  Syracuse  Univer- 
sity along  the  new  Jamesville  branch  of  the  Syracuse  and 
Suburban  R.  R.,  the  mineral  celestite  was  noticed.  Although 
Danaf  and  Whith)ck:J:  mention  Syracuse  as  a  locality  for  celes- 
tite, I  have  been  unable  to  find  the  original  source  §  for  such 
a  reference.  Neither  Cleveland  ||  nor  Beck*  refer  to  Syra- 
cuse in  this  res])ect.  This,  therefore,  is  the  first  time  that  a 
detailed  description  of  this  occurrence  of  celestite  is  given. 

This  minenil  was  first  found  about  three-quarters  of  a  mile 
north  of  the  village  of  Jamesville,  near  where  the  electric  rail- 
road crosses  the  turnpike  to  De  AVitt.  At  this  point  quite  a 
heavy  grade  is  encountered  by  the  railroad  and  a  considerable 
amount  of  rock — the  drab  limestone  of  the  Salina  e})och — had 
to  be  removed  in  order  to  allow  the  railroad  to  run  parallel  to 
the  turnpike  for  about  three-quarters  of  a  mile.  The  cut 
varies  from  about  two  to  six  or  eight  feet  in  some  places.  In 
the  rock  which  was  removed,  and  also  along  the  sides  of  the 
cut,  the  fresh  mineral  was  found  in  a  surprisingly  large 
quantity. 

The  mineral  does  not  occur  in  veins  or  cavities,  as  might  be 
supposed  and  as  is  usually  the  case,  but  it  is  found  disseminated 
throughout  the  rock.  The  character  of  the  dissemination 
v^aries  greatly  with  the  locality  and  horizon  in  which  the 
celestite  is  found.  Three  distinct  types  of  dissemination  were 
noticed.  1.  In  some  cases  the  mineral  has  had  ample  time  to 
assume  well-defined  crystal  forms,  which  may  in  many  instances 
be  from  one-half  to  one  inch  in  length.  This  type  of  dis- 
semination is  shown  by  figs.  1  and  2.  2.  In  other  places  the 
crystallization  was  more  rapid,  and  many  crystals  of  a  smaller 
but  practically  uniform  size,  one-eighth  to  three-eighths  of 
an  inch,  resulted.     Fig.   3  shows  this  type  of  dissemination  ; 

*  Read  in  abstract  before  the  Onondaga  Academy  of  Science,  February  19, 
1904. 

t  Dana,  System  of  Mineralogy,  6th  edition,  1892,  1063. 

X  AVliitlock,  New  York  Mineral  Localities,  New  York  State  Museum  Bul- 
letin No.  70,  1903,  54. 

J$  Whitlock  in  a  letter  to  me,  concerning  the  mentioning  of  Syracuse  as  a 
locality  for  celestite  by  Dana,  who  is  his  authority,  says:  *' It  is  possible 
that  the  notice  of  this  locality  was  communicated  bv  some  local  observer." 
This  would,  of  course,  account  for  the  fact  that  nothing  published  can  be 
found. 

I  Cleveland,  Mineralogy,  1822. 

•|  Beck,  Mineralogy  of  New  York,  1842. 
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the  freeh  mineral  can  be  seen  to  tlie  left.  3.  The  mineral 
may  also  occur  diseeuiinated  not  in  tlie  form  of  well-defined 
crystals  but  rather  in  small  circular  epote,  which  in  some 
cases  are  about  uniform  in  size,  wliile  in  other  instances 

1  2 

they  may  vary  from  tliree-sisteenthts  of  an  inch  down  to  a 
needle -point.  Figure  5  illustrates  this  occurrence  of  the 
mineral.  No  doiibt  the  crystallization  was  so  rat»id  that  it 
was  impossible  for  the  mineral  to  assume  well-deffned  forms. 


In  the  first  two  types  of  dissemination  the  orthorhornbic  char- 
acter of  the  crystals  is  very  easily  recognized.  The  mineral  is 
also  characterized  by  a  slight  blue  tint. 

Xunierous  attempts  were  made  to  isolate  crystals  so  as  to 
mate  goniometrie  measurements.  In  every  case,  however,  the 
crystalfaces  were  dull  and  gave  no  rellections  wiiatever.     The 
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various  faces  could,  nevertlielesn,  h\  means  of  tlie  cleavapeB 
parallel  to  the  basal  pinacoid  and  the  unit  prism.  I)e  determined 
with  considerable  acciiracv,  A  verv  common  cffinhination  of 
faces  consists  of  the  unit  prism,  in  (110);  maerodonie,  rf  (102); 
brachydonie,  o  (Oil);  and  the  brachvpinacoid,  J  (tHO),  and 
the  basal  pinacoid,  o(OOI).  This  combination  is  a  usual  one 
with  celcstite. 


The  si>eeilic  {jravitv  of  thin  celestite  was  determined  by 
means  of  a  Jolly  balance  of  the  Linebarger  jwitteni.  The  mean 
of  several  determinations  was  found  to  he  -;i'tl5S.  This  agrees 
very  closely,  indeed,  with  the  normal  specitic  eravity,  3'962,  as 
given  by  Kopp.*  The  mineral  not  only  conforms  to  the  phys- 
ical properties  of  celestite,  but  to  the  qualitative  cliemiearas 
well,  I  shall  report  later  as  to  the  quantitative  chemical  com- 
position. 

As  already  indicated,  the  mineral  was  first  found  near  ^vhere 
the  electric  railroad  creeses  the  turnpike  to  De  Witt,  It  occurs 
here  in  what  Vanuxem  calls  the  "Magnesium  Dejwsit." 
Vanuxemf  divides  the  Salina  epoch  into  four  divisions  or 
deposits.  He  says:  "The  first  or  lowest  deposit  is  the  red 
sliale,  showing  green  spots  at  the  upper  part  of  the  mass. 
Secondly,  the  lower  gypseous  shales,  the  lower  jtart  alternating 
witli  the  red  shales,  which  cease  with  this  mass.  Thirdly,  the 
gyjweous  deposit,  which  embraces  the  great  mass  quarried  for 
plaster,  consisting  of  two  ranges,  between  which  are  the  hopper- 
shaped  cavities,  the  "Vermicular  Limerock"  of  Eaton,  and 
other  porous  rocks.  Fourthly  and  lastly,  those  rocks  which 
show  groups  of  needle-fonii  cavities  placed  side  by  side,  caused 
by  the  crystallization  of  sulphate  of  magnesium,  and  which  may 
from  that  circumstance  be  called  the 'Magnesium  Deposit.  ' 
The  "Magnesium  Deposit"  is  included  in  the  "Gypseous 
Shales"  of  Lutlier.J  The  celestite  is,  however,  not  confined 
to  the  "  Magnesium  Deposit,"  for  it  was  also  observed  in  other 
localities  in  Vanuxem's  "Third  Deposit."     I  was  subsequently 

*  Naamann-Zirkel,  Elemeute  der  Minera1<^e,  13th  Anflnge.  1895,  549. 

tVannxem,  Nstntnl  History  of  New  York,  Third  District,  1842,  85. 

I  Lnther,  Economic  Geology  of  Onondaga  Connty,  264. 
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able  to  observe  celestite  in  many  places  southeast  of  Syracuse, 
principally,  however,  at  Dunlop's  quarry  and  in  the  vicinity  of 
the  Rock  Cut  on  the  D.  L.  &  W.  E.  R.  Later,  Prof.  T.  C. 
Hopkins  of  Syracuse  University  noticed  it  near  Split  Rock  in 
the  drab  limestones  of  the  Salina  along  the  cuttings  of  the  new 
Auburn  and  Syracuse  railroad.  Although  I  was  unable  to 
make  an  exhaustive  study  last  fall  of  its  distribution,  I  do  not 
doubt,  whatever,  but  that  its  occurrence  in  the  disseminated 
condition,  as  shown  by  the  accompanying  figures,  is  just  as 
extensive  in  the  limestones  of  the  Salina  elsewhere,  as  in  the 
vicinity  of  Syracuse. 

Beck  in  his  "Mineralogy  of  !New  York  "*  says:  "Celestite 
is  usually  associated  with  limestones,  but  that  it  does  not  seem 
to  1)6  peculiar  to  any  geological  epoch."  He  mentions  but 
one  occurrence  in  the  dark  Salina  limestone,  w^hich  is  on  the 
Owasco  Outlet,  near  Auburn.  Whether  the  mineral  occurs  in 
this  locality  disseminated  throughout  the  rock,  or  in  cavities 
and  veins,  neither  Beck  nor  Whitlockf  states  with  definiteness. 
From  the  general  description  which  they  give,  one  is  led  to 
believe  that  at  this  locality  it  is  of  secondary  formation,  that  is, 
in  veins  or  cavities.  All  the  other  occurrences  in  New  York 
State  which  are  mentioned  by  Beck  and  Whitloek  (there  are 
nine  (9)  of  them)  are  in  other  epochs  and  without  an  excep- 
tion secondary  formations. 

The  occurrence  at  Dunlop's  gypsum  quarry,  about  one-half 
to  three-quarters  of  a  mile  to  the  nortlieast  of  the  locality 
where  celestite  was  first  found,  is  extremely  interesting.  It 
was  imjK^ssible  for  me  during  my  vij^its  to  this  quarry  to 
observe  the  rock  containing  the  celestite  msHu  on  account  of 
the  fact  that  the  strata  above  tlie  gypsum  were  for  the  most 
part  covered  with  soil  or  other  earthy  material.  The  dump 
piles,  however,  contain  a  great  many  rock  fraiijnients,  which 
show  large  quantities  of  the  fresh  mineral.  The  specimen 
shown  in  fig.  3  is  from  this  locality.  The  crystals  are 
rather  small,  one-eighth  to  three-eighths  of  an  inch  in  length 
and,  where  the  rocKS  have  been  exposed  to  the  weathering 
agencies,  the  crystals  on  the  outside  have  entirely  disappeared, 
leaving  very  unique  cavities.  The  cavities,  nevertheless,  betray 
by  means  of  their  distinct  outline  what  the  original  material  was, 
for  the  orthorhombic  character  as  well  as  the  various  faces  may 
be  easily  recognized.  These  cavities  might  at  first  sight  appear 
to  be  bird  tracks  or  something  of  that  character,  but  as  said,  it 
can  be  easily  shown  that  thev  are  crvstal  cavities.  That  this 
is  the  case  can  be  proven  beyond  a  doubt  by  breaking  the  S2)eci- 
nien,  as  has  been  done  in  fig.  3,  and  we  find  that  the  mineral  is 

♦  Page  210. 

f  Whitloek,  New  York  Mineral  Localities,  1903,  22. 
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still  pre^^nE  in  the  imeri-.T — t-  tjie  .en — id  weU-^iefiaed  crysial^ 
«liil«  on  the  »QtT*j?.  1^  ft  iv:^It  -if  Ic^k^hioe.  'jdIt  the  crvstal 
cftriri**  are  :.>  be  jceti. 

Several  specimens  frotn  the  tirst  I<jealitv  §{>•>«-  verr  lai^ 
c«Titi««.  and  their  reietitblftnces  i*.>  the  iiupres^ioQ^  made  bv 
cLLtel  pi>iuti<  i'ffA  Q<>t  --eein  to  be  fan'etchie<L  Figs.  7  and  8 
ebow  »ach  "impreetitit"'  -it  caririe*  -r-o  the  VHit^ide,  while  io 
fi^.  1  and  ^  the  fni^h  mineral  can  he  seen  in  the  interior  of 
these  iAme  Bpecimen*.  Cavities  of  this  eharaeter  were  noticed 
br  Eaton.   Vanoxeiu  and  others  tVr  Vanoxem*  savs:  "Xe«r 


Svracune.  at  the  Hopper  locality  in  Onondaga  Valley,  and  »t 
Chittenango  and  so  forth,  surfaces  are  seen  which  show  an 
angular  configuration,  somewhat  rc^^niMing  those  leaves  whoee 
rilw  are  straight,  and  incline  at  an  an^le  of  alKHit  35°  from  the 
fit«;iii.  These  were  lii^t  noticed  b_v  Prof.  Eaton  in  his  survey 
of  t]ie  Erie  Canal,  having  seen  some  which  were  thrown  out 
in  digging  a  well  at  Syracuse,  the  cause  of  which  was  rightly 
referred  W  him  to  crystallization," 

Vannxem  further  saye:  "On  the  canal,  near  Lake  Sodom, 
]ay«:rs  of  a  similar  kind  but  belonghig  to  a  lower  deposit  show 
niimerr>us  cavities  not  unlike  tliose  made  by  a  small  chisel  of 
aUiut  tlirce^juarters  of  an  inch  in  width  \  some  of  tliem  single, 
and  othera  cross  each  other  as  though  struck  at  random.  In 
th<!  surface  also  of  the  calciferous  slate  above  the  gypseouB 
de[>osit  at  Criirs  in  the  town  of  Stark,  there  are  Bmall  impres- 
sions in  relief,  the  best  dofinedof  which  are  like  obtuse  Indian 
arrow  heads,  Ijcing  triangular  with  their  sides  somewhat 
curved ;  the^e  were  previnusly  noticed  hnt  not  their  forms." 
From  thU  general  description  given  by  Vanuxem  and  also  from 
the  fu«t  that  CriM's  farm  in  the  town  of  Stark,  Herkimer 
■  Vuiniinm,  Natnral  History  of  New  York,  Third  District,  1842,  109. 
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y,  is  given  as  a  locality  for  celestite  by  Beck  and  Whit- 
bhere  is  little  doubt  in  my  mind  but  that  the  investi- 
i,  mentioned  above,  had  encountered  specimens  of  the 
character  as  those  shown  in  figs.  7  and  8,  and  that  the 
38  and  "impressions"  were  once  filled  by  the  mineral 
ite,  which  was  removed  in  the  manner  already  referred  to. 
3  third  type  of  dissemination,  referred  to  above,  that 
the  form  of  small  circular  particles,  as  illustrated  by 
,  is  exceedingly  instructive.  When  a  rock  which  con- 
oelestite  in  this  form  of  dissemination  is  leached,  it  gives 

0  a  rock  which  appears  as  though  it  were  worm-eaten. 
3wer  portion  of  figure  5  shows  the  effect  of  such  leach- 
id  possesses  a  distinct  porous  structure.  There  is  a  very 
ig  similarity  between  such  a  rock  and  the  so-called  "  Ver- 
ar  Limestone"  of  Prof.  Eaton  and  the  older  reports, 
resemblance  is  shown  very  clearly  in  figs,  4,  6,  6 ;  figs. 
•eing  the  so-called  "  Vermicular  Limestone." 

r^^rds  the  character  of  the  rocks  of  the  upper  portion 
3  Salina,  which  contain  the  celestite,  and  which  to  some 
b  comprise  the   vermicular    limestones,    Luther*   says: 
jWrpseous  shales  consist  of  fine-grained  magnesium  or  dolo- 
limestones  in  thin  layers,  masses  of  gypsum  and  gysif- 
sbale  in  two  courses,  separated  by  a  bed  of  limestone 
to  fifty  feet  thick.     In  tlie  thicker  and  more  compact 
.  of  limestone,  freshly  broken  blocks  show  the  rock  to  be 
iark,  almost  black  in  the  interior,  but  after  exposure  the 
changes  to  an  ashen  gray  or  medium  dark  drab,  some- 
showing  a  slight  pink  shade.      It  is  very  much   like 
ulic  limestone  in  appearance,  but  the  proportion  of  clayey 
cture  is  so  large  as  to  injure  or  destroy  its  cohesive  quali- 
In  the  middle  and  lower  beds  it  is  frequently  more  or 
orous  or  cellular.     The  cavities  are  sometimes  an  inch  or 
in  diameter,   very  irregular  and  ragged  in  shape,  and 
with  a  fine  brown  dust.     When  of  this  character,  they 
ery  unevenly  distributed  through  the  rock  and  moBt  f re- 
ly are  found  on  the  surface  ot  a  layer  or  opening  into  a 
''     (Compare  with  figs.  7,  8.) 

1  other  layers,  the  cavities  are  found  to  be  nuieh  more 
rous,  occupying  in  the  aggregate  nearly  one-half  the 
of  the  roclf,  and  having  the  form  of  circular  cells,  with 
iameter  ranging  from  a  quarter  of  an  inch  down  to  a 
e-point.  Usually  the  cells  in  a  particular  layer  of  lime- 
have  a  considerable  degree  of  uniformity  in  shape  and 

Mit  occasionally  the  contrary  is  the  case.  They  are  smaller 
3  lower  beds.  These  cellular  limestones  are  the  '  Ver- 
^4ir  Lhnestones '  of  the  older  reports^     See  figs.  4  and  6. 

*  Luther,  Economic  Geology  of  Onondaga  County,  264. 
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Th<*€  ^  Vermicular  LiIQe$^>De^ ""  have  given  2eol<j«:i£t9  much 
troahle  ae  to  a  •ari^taetMrr  explanation  of  their  poroos  strac- 
tare.  Vannxem  speak*  «•£  the  «^n*e  •■t  their  ponjos  character 
in  the  following  language :  *'  The  cell^  show  that  part«  of  the 
rock  were  dirpi>ed  to  separate  intij  very  thin  lajrers,  which  pro- 
ject into  the  cells,  an  effect  wholly  at  Tariance  with  aeriform 
cavities,  whone  removal  canse»i  the  cells  in  qnestion.  This 
view  appears  to  l^e  fnllv  confirmed  bv  the  discoverv  in  this 
rock  of  thoae  fonns  which  are  «iae  to  c«>mmon  salt,  showing 
that  a  i^AuUr  *alihr  matr-rMf  ha«l  existed  in  it,  had  acquired 
shape  in  the  njck.  and  had  sul»>o|neniiy  fieen  dissolved,  leav- 
injr  a  cavity  or  caviries/'*  The  di^^iverr  at  Livonia,  N.  Y., 
of  sncfi  a  cellular  Djck  fillt^j  with  >alt  strvuis  at  lirst  to  support 
VanuxeuiV  ilie*>rv  to  a  verv  considerable  extent.  Of  this  rock 
filled  with  salt,  Luther'-  savs:  "  In  the  shaft  sunk  to  the  rock 
f?alt  lx.tJs  at  Livonia,  N.  Y.,  at  the  depth  of  l.S\*^  feet,  thirteen 
feet  al>i>ve  the  salt  he<l.  a  stratum  of  the  cellular,  ma^esinm 
limestone  was  reached,  in  which  the  cells  were  filled  with  salt. 
A  large  block  was  placed  in  a  running  bi>:»ok,  and  in  a  few 
hours  the  salt  had  been  dissolve*!  out,  leaving  the  rock  in  pre- 
cisely the  same  couditiun  that  it  presents  when  found  in  loose 
fragments  or  in  the  outcrops  in  this  i  Onondaga  ►  County." 

It  seems  almost  impossible  to  conceive  how  the  very  soluble 
sodium  chloride  could  be  disseminated  through  a  rock,  as 
would  l>e  neces^sarv  to  give  rise  to  this  j>eculiar  {X>rous  structure 
of  the  -Vermicular"  limestones,  as  U  clearly  illustrated  by 
figs.  4  and  0.  Certainly  such  a  deposition  of  salt  would  not 
l>e  in  harmonv  with  the  now  generallv  accepted  theory  of 
<^>c!isenius:J  as  to  the  formation  of  salt  depi>sits,  as  we  find 
them  in  Sevr  York  State,  Stassf  urt  in  Germany,  and  elsewhere. 
I  l>elieve  that  so^linm  chloride  is  an  altogether  too  soluble  salt 
to  have  been  the  original  occupant  of  these  many  cavities  of 
the  "  Vermicular  Limestones." 

According  to  Wackenroder,>$  celestite  is  slowly,  but  com- 
pletely, soluble  in  water  containing  sodium  chloride  in  solution. 
Virck  says,  that  100  parts  of  water  eontaininor  15*54:  per  cent 
of  sodium  chloride  dissolve  U*21St»  grams  ot  strontium  sul- 
phate, which  is  the  comjjosition  of  celestite.  The  same 
authority  says,  that  it  is  even  more  soluble  in  water  containing 
magnesium  chloride,  and  not  quite  so  soluble  in  water  contain- 
ing calcium  chloride. 

*  VHiinxem,  Natural  History  of  New  York.  Thinl  District,  1842,  101. 
f  L»3th»;r,  Economic  Geolojjy  of  Onondaga  County.  1895,  265. 
t  (>*.  Oclirtfeniiis,  Die  Bildnngder  Steinsalzlagornnd  ihrer  Mntterlangensalze. 
Hallf,  1S;7.     Kemp,  Handbook  of  RiH?ks,  19iK>,  78. 

iC'oint-w  Dictionar>'  of  Chemical  Solubilities.  1895.  455. 
■  Ibid.,*  1895.  455,  also  Chemisches  Ceutralblatt.  1862,  402. 
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hat  many  of  the  rocks  of  the  gypseous  shales  contain,  or  did 
ain  salt,  is  evidenced  by  what  Luther*  says :  "  In  the  beds 
mestone  lying  between  the  principal  gypsum  deposits,  and 
e  abundantly  in  that  underlying  tne  gypsum  beds,  hopper- 
)ed  mud  casts  of  what  are  supposed  to  have  l)een  salt  crys- 
are  numerous.  ^Aw  are  found  in  hoth  the  cellular  and 
•ceUidar  layers^'*  The  presence  of  the  magnesium  and 
inm  chlorides  is  easily  proven  by  referring  to  the  many 
lUent  analyses  of  the  brines  of  this  state,  as  also  to  those  of 
salt  manufactured  from  them.  The  following  analysesf 
esent  typical  brines  from  the  principal  salt-producing  sec- 
3  of  the  state. 

Wyoming            Genesee                        Onondaga. 
Valley  Valley  , * s 

iSO^ 0-3083  0-5790  0*3632  0*5440 

aCl    0-5268  0-4650  05701  0*1340 

gCl, 0-1034  0-2125  0-2852  0*1790 

aCl 23-5819  25-3199  18-4277  18-0560 

,0  - 75-4796  73-4234  80-3538  81-0870 

lehardt,  Bishop  and  othersf  believe  that  the  chlorides  (mag- 

um  and  calcium)  are  derived  from  the  rocks  overlying  the 

salt  deposits.     Englehardt  thinks  that  the  quantity  of  cal- 

i  sulphate  is  dependent  upon  the  amount  of  these  chlorides 

3nt. 

lese  analyses  show  that  the  meteoric  watei-s  passing  through 
3cks  of  the  upper  portion  of  the  Salina,  since  tliey  eon- 
sodium,  magnesium,  and  calcium  chlorides  in  solution, 
to,  according  to  the  authorities  cited  above,  be  good  sol- 
of  celestite.  Then,  if  it  be  true  that  celestite  can  be 
readily  dissolved  in  vsucli  a  circulating  water,  it  is  not 
onable  to  believe  that  strontium  should  be  present  in  the 
of  this  vicinity. 

ugh  the  courtesy  of  ^[r.  John  1).  Pennock,  chief  chem- 

he  Solvay  Process  (^o.,  Solvay,  >•'.  Y.,   I  was  able  to 

a  sample  r>f  the   brine  wliicli   that  com])any  obtains 

wells  at  Tully,  N.  Y.,  a  short  distance  south  of  Syra- 

^he  brine  is  not  fornied  by  a  true  meteoric  water,  but 

^  to  Hazard, >^   ''  fresh  water   is    introduced    into    the 

here  it  dissolyes  the  salt,  and  is  forced  to  the  surface 

)rm  of  a  saturated  brine."     It  is,  therefore,  evident 

a  brine  vyould  not  show  as  large  an  amount  of  stron- 

Elconomic  Geology  of  Onondaga  County,  1895,  265. 

5alt  and  Gypsum  InduHtries  of  New  York,  State  Museum  Bulletin 

,  Table  of  Analvses  by  Dr.  F.   E.  Englehardt  opposite  page  38. 

.  11,  1893,  02. 

Economic  Ge()lo«;y  of  Onondaga  County,  1895,  257. 
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tium  as  would  be  the  case  if  the  water  were  in  contact  with 
the  limestones  overlying  the  rock  salt  beds  for  a  considerable 
length  of  time. 

i  am  indebted  to  Professor  F.  A.  Saunders  of  Syracuse 
University  for  a  very  careful  spectroscopic  examination  of  this 
TuUy  brine.  The  spark  spectrum  was  produced  by  means  of 
a  Rowland  concave  grating,  using  a  scale  which  was  sufficient 
to  give  a  visible  spectrum  of  about  fourteen  inches.  From  the 
study  of  the  negative  of  this  spectrum,  it  was  shown  that  all 
the  characteristic  lines  of  strontium  were  strongly  developed, 
and  clearly  revealed  the  fact  that  strontium  is  actually  present 
in  this  artificial  brine  in  more  than  a  spectroscopic  trace. 
Not  only  is  strontium  present  but  a  trace  of  barium  was  also 
noticed.  After  having  communicated  the  fact  that  strontium 
is  present  in  the  Tully  brine  to  Penuock,  he  was  able  to 
confirm  Saunders's  observation.  Strontium  is  not  indicated 
in  the  analyses  of  Englehardt,  given  above,  on  account  of 
the  fact  that  it  was  not  tested  for,  and  is,  therefore,  estimated 
with  the  calcium;  hence  the  amount  of  CaSO^  is  necessarily 
a  trifle  too  high.  As  to  the  amount  of  strontium,  calculated 
as  sulphate,  present  in  the  above  brine,  I  shall  report  later. 
I  have  not  been  able,  as  yet,  to  examine  the  brines  from  the 
wells  on  the  Onondaga  Salt  Reservation,  which  are  formed 
by  true  meteoric  waters,  because  the  wells  are  shut  down  dur- 
ing the  winter  months. 

With  the  following  facts  in  mind,  (1)  that  celestite  is  quite 
soluble  in  water  containing  sodium  chloride,  magnesium  chlo- 
ride or  calcium  chloride  in  solution,  and  (2)  that  the  dissemi- 
nation of  celestite  through  the  rock  is  not  at  all  unlike  that 
which  would  be  necessary  to  form  cavities  as  found  in  the 
"  Vermicular  "  Limestones,  (3)  also  that  when  such  a  rock  has 
been  leached  the  appearance  of  the  resulting  rock  is  exactly 
like  that  of  these  so-called  "  Vermiculars, "  and  (4)  that  the 
brines  of  this  vicinity  do  contain  a  considerable  amount  of  stron- 
tium, also  traces  of  barium,  which  is  isomorphous  with  stron- 
tium and  usually  replaces  it  to  a  small  extent  in  celestite,  and 
(5)  the  finding  in  that  "Vermicular,"  which  outcrops  in  var- 
ious places  in  Syracuse  and  vicinity,  of  cavities  with  such 
forms  as  would  be  produced  by  the  leaching  of  celestite  crys- 
tals,* we  cannot  but  come  to  the  conclusion  that  these  many 
caintieSj  ?iaw  empty,  in  the  "  Vermicular  Llmestmie'*^  of  the 
Salina  Epoch  must  have  once  contained  a  mineral  of  the  cha/r- 

*  The  specimen  of  fig.  5,  is  from  E.  Adams  St.  near  Irving  Ave. ,  Syra- 
cuse. A  study  of  the  cavities  on  the  surface  of  this  rock,  which  is  locally 
known  as  **  the  vermicular, "  reveals  those  forms  which  are  so  charaoteristic 
of  celestite.  They  are  not  unlike  those  of  fig.  3,  where  the  fresh  material  is 
still  present  in  the  interior. 
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acter  of  cdestite^  and  that  hy  the  action  of  the  agencies^  men- 
tioned ahove^  thfi  same  was  dissolved^  leaving  nothing  hut 
the  so-called  ceUs  to  show  its  form^er  presence,  I  do  not 
believe  that  the  salt  found  in  the  rock  in  the  shaft  at 
Livonia,  N.  Y.,  is  the  original  occupant  of  the  cavities,  but 
rather  that  it  is  of  secondary  formation,  having  been  derived 
from  the  rocks  above,  which  Luther  says  contain  many  mud 
casts  at  this  locality.  When  the  salt  is  leached  from  this  rock, 
many  of  the  resulting  cavities  show  the  characteristic  outline 
of  the  celestite  crystals  and  also  possess  that  weathered  appear- 
ance which  is  so  peculiar  to  the  cavities  of  the  "  Vermiculars." 

During  the  coming  summer  I  intend  to  continue  my  study 
of  the  distribution  of  the  celestite-bearing  limestones,  and  also 
the  brines  of  the  state  as  to  the  amount  of  strontium  they  con- 
tain.    I  will  report  as  soon  as  possible. 

In  conclusion,  I  wish  to  tnank  my  colleague,  Mr.  C.  L. 
Hewitt,  for  the  very  valuable  services  he  rendered  in  making 
possible  the  excellent  illustrations  which  accompany  this  paper. 

Syracuse  High  School,  March,  1904. 
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Art.  VII. — A  Famous  Fossil  Cycad ;  by  Lester  F.  Ward. 

There  is  in  the  Museum  of  Mineralogy  and  Geology  at 
Dresden  a  petrified  trunk  of  a  cycad  that  has  been  known 
for  more  than  two  centuries  and  a  half.  It  is  the  type  and 
only  known  specimen  of  Cycadeoidea  Reichenhachiann  (Gopp.) 
Cap.  and  Solras,  the  Raurtieria  Reichenhachiana  of  Goppert. 
It  nas  the  longest  history  of  any  specimen  of  its  class,  unless 
we  count  as  history  the  thousand  years  or  more  that  the  type 
of  Cycadeoidea  etrusca  lay  upon  an  Etruscan  tomb  at  Marza- 
botto  before  it  was  discovered  by  Count  Gozzadini  in  1807  and 
found  its  way  in  1878  to  tlie  Geological  Museum  of  Bologna. 

When  in  1894  I  made  a  voyage  to  Europe  chiefly  for  the  pur- 
pose of  studying  the  collections  of  fossil  cycadean  trunks  in  the 
various  museums  preparatory  to  the  elaboration  of  those  of 
America,  I  was  not  able  to  visit  Dresden  and  see  this  specimen. 
In  1898  Dr.  H.  B.  Geinitz  sent  me  a  photograph  of  it  as  it 
stood  in  the  Dresden  Museum  resting  on  a  wooden  pedestal 
made  to  support  it.  This  I  reproduced  in  my  memoir  on  the 
Cretaceous  Formation  of  the  Black  Hills  as  indicated  by  the 
Fossils  Plants,*  explaining  the  circumstances  in  the  text.f 
The  photograph  was  not  particularly  clear  and  was  of  a  light 
brown  color,  somewhat  pale.  The  half-tone  process  by  which 
it  was  reproduced  brouglit  out  much  that  was  latent  in  the 
photograph  and  the  result  is  a  considerably  better  view  than 
the  original.  In  studying  this  it  was  clear  both  that  the 
petioles  were  descending  and  also  that  the  sharp  angle  of  the 
leaf  scars  was  on  their  upper  side,  both  of  which  features  are 
very  rare  in  cycad  trunks.  This  raised  the  suspicion  that  the 
specimen  might  be  invel'ted,  and  led  me  to  remark  in  the  foot- 
note on  page  605  of  that  memoir  that,  judging  from  the  pic- 
ture alone,  "I  should  say  that  the  trunk  is  liere  inverted,  but 
to  be  certain  it  would  be  necessary  to  examine  it.  It  is  clear 
that  in  the  present  position  the  leaf  seal's  have  a  decided  down- 
ward direction,  which  is  rare  but  not  imknown  (e.  g.,  C,  Uhleri), 
Moreover,  the  scars,  which  are  subtriangular,  have  now  their 
sharp  angle  upward,  which,  if  the  specimen  is  right  side  up, 
would  indicate  that  tlie  keel  of  the  petioles  was  on  tl)e  upper 
side,  a  condition  which  I  have  met  with  in  only  two  other 
species,  C.  aspera  and  C,  insolita^ 

On  August  27,  1903,  on  my  way  from  Vienna  to  Berlin,  I 
stopped  at  Dresden  and  visited  the  Royal  Museum.  I  readily 
found  the  specimen  still  standing  upon  the  same  support  as 
when  photographed  by  Dr.  Geinitz.     A  glance  at  it  was  suffi- 

*  Nineteenth  Ann.  Rep.  U.  S.  Geol.  Surv.,  1897-98,  pi.  lix. 
tlbid.,  pp.  601,604,  605. 
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cient  folly  to  justify  the  suspicion  expressed  in  the  above- 
quoted  footnote,  and  it  was  clear  that  it  stood  on  the  somewhat 
even  face  presented  by  the  transverse  fracture  through  the 
middle  of  tne  trunk,  while  the  much  less  even  base,  which,  if 
the  specimen  had  been  placed  in  its  natural  position,  would 
have  required  it  to  *be  supported  by  wedges  or  cement,  was 
uppermost  and  distinctly  showed  its  character  as  such.  Dr. 
Johannes  Victor  Deichmiiller,  Directorial  Assistant,  who,  in 
the  temporary  absence  of  the  Director,  was  in  charge  of  the 
Museum,  and  to  whom  I  announced  the  object  of  my  visit,  was 
much  interested  in  my  account  and  kindly  caused  the  specimen 
to  be  placed  on  a  table  where  I  could  thoroughly  examine  all 
parts  of  it.  I  proceeded  to  describe  it  in  my  note-book,  in 
which  I  systematically  recorded  all  the  visible  features  in  the 
same  manner  as  I  have  done  for  all  the  American  trunks.  As 
the  specimen  is  regarded  as  constituting  a  species,  and  does, 
indeed,  differ  specifically  from  all  others  thus  far  known,  these 
notes  upon  it  lorm  an  adequate  basis  for  the  specific  descrip- 
tion. Before  dealing  with  the  systematic  part,  however,  it 
will  be  of  interest  to  give  a  somewhat  detailed  historical  account 
of  the  specimen. 

I.  History  and  Literature, 

Desiring  to  learn  the  authentic  history  of  the  discovery  of 
this  specimen  and  its  removal  to  the  Dresden  Museum,  I  wrote 
to  Dr.  Deichmiiller  on  my  return  to  America,  giving  him  such 
bibliographical  references  as  I  was  able  to  find  and  requesting 
him  to  consult  if  possible  the  original  i)ublications.  He  was 
successful  in  finding?  the  most  important  of  the  early  documents, 
namely,  the  report  of  Christian  Heinrich  Eilenbnrg,  who  was 
the  Director  oi  the  Dresden  Museum  at  the  time  this  specimen 
was  acquired.  It  is  printed  in  German  and  French  and  bears 
the  following  title : 

Kiirzer  Lntwurf  der  Koniglichen  Naturalienkatnnier  zu 
Dresden.  Dresden  und  Leipzig,  in  der  AValtlierischen  Bueh- 
handlung,  1755. 

oder : 

Description  du  Cabinet  royal  dc  Dresde  toucliant  Thistoire 
naturelle.  A  Dresde  et  a  Leipzig,  ehez  George  Conrad 
Walther,  libraire  du  roi,  1755. 

Dr.  Deichmiiller  had  the  great  kindness  to  copy  out  of  this 
work  and  send  me  the  following  passages  relating  to  the  object 
under  consideration : 

"A  large  case  in  the  sixth  arcade  contains  petrifactions  from 
the  vegetable  kingdom,  which  always  fixes  the  attention  of  con- 
noisseurs.    That  which  is  most  admired  here  is  a  magnificent 
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block  of  petrifactions  whicl\  M.  Borlach,  Counsellor  of  Mines, 
sent  us  from  Poland.  It  weighs  over  100  pounds,  and  is,  in 
our  opinion,  onlv  a  mass  of  petrified  Hippurites,  or  coral-caps, 
although  a  celebrated  naturalist  entertains  the  view  that  this 
superb  mass  may  be  the  summit  of  a  palm  tree  turned  to 
stone."     (P.  23  of  the  French  and  p.  24  oi  the  German). 

Dr.  Deichmiiller  also  found  in  the  library  of  the  Dresden 
Museum  the  original  manuscript  catalogue  in  Eilenburg^s  hand- 
writing and  never  published,  bearing  the  title :  "  Lithoxylornm 
seu  lignorum  petrefactorum  varii  generis  varifleque  special 
Catalogus  Novus  in  quo  simul  osteocollarum  et  lignorum  fos- 
silium  prsesens  collectio  indicata  est  a  Christiano  Henrico 
Eilenburgio,  MDCCLIII."  On  page  41  of  this  catalogue 
occurs  the  following  entry  written  m  Latin:  "No.  76.  A  seg- 
ment certainly  of  petrified  palm  wood,  the  fibers  and  stems  so 
distinct  that  tiiey  would  be  taken  for  combustible  wood  unless 
the  contrary  is  shown  by  handling  and  weighing.  A  certain 
projecting  knot  surrounded  by  regularly  arranged  natural  rows 
and  fibers  calls  for  special  attention  in  this  remarkable  petrifac- 
tion ;  but  the  structure  is  the  same  above  and  below  and  such 
that  we  are  able  to  see  that  it  penetrates  through  the  entire 
thickness  of  the  trunk.     From  Poland." 

The  specimen  was  first  figured  by  George  Wolfgang  Knorr 
in  his  well-known  "  Sammlung  von  Merkwiirdigkeiten  der  Natar 
und  Alterthiimem  des  Erdbodens  oder  versteinte  und  andere 
gegrabene  Corper  in  illuminirten  Kupfertafeln,"  of  the  text  for 
which  he  only  lived  to  write  the  first  fascicle  of  36  folio  pages 
(Niirnberg,  1765).  This  did  not  include  the  description  of  this 
specimen.  The  remainder  of  the  text  was  written  by  Johann 
Ernst  Immanuel  Walch,  and  published  as  a  separate  work 
with  the  title :  Die  Naturgeschichte  der  Versteinerunpen  zur 
Erlauterung  der  Knorrischen  Sammlung  von  Merkwiirdigkeiten 
der  Natur,  Niirnberg,  Erster  Theil,  1773,  Zweyter  Theil,  Erster 
Abschnitt,  1768,  Zweyter  Abschnitt,  1769,  Dritter  Theil,  1771, 
Yierter  Theil,  1773.  This  work  is  usually  preceded  by  Knorr's 
fascicle  and  accompanied  by  the  atlas  as  a  separate  volume,  the 
whole  being  known  as  the  work  of  Knorr  and  Walch.  The 
plates  of  the  atlas  are  numbered  in  an  almost  incomprehensible 
manner,  but  the  figure  occurs  on  Plate  Ilia  of  tne  Supple- 
ment, which  is  really  the  220tli  plate  of  the  work,  of  which  it 
is  figure  6.  No  one  who  has  seen  the  specimen  would  ever 
recognize  this  as  being  a  figure  of  it,  as  it  does  not  show  either 
the  shape  or  the  markings  at  all  correctly. 

In  Walch's  description  of  it,  which  occurs  on  pages  150-152 
of  the  third  part,  nothing  is  said  of  the  defects  of  Knorr's 
figure,  and  he  confines  himself  to  a  general  treatment  of  the 
specimen.     He  quotes  extensively  from  what  he  calls  "  Kath 
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Eulenburg's  Beschreibung  der  Dresdner  Naturalien-Cammer," 
especially,  p.  24.  This  work  is  therefore  apparently  the  same 
as  that  of  which  Dr.  Deichmiiller  has  farDislied  me  the  title, 
bat  it  seems  to  contain  much  additional  information  relative  to 
this  specimen.  From  the  account  here  given  and  from  all 
other  available  sources  we  learn  that  the  specimen  was  found 
in  1753  by  a  man  named  Schober  in  a  swamp  near  Lednice,  a 
small  village  in  the  salt  region,  about  three  miles  E.  S.  E.  of  Wie- 
liczka,  in  Galicia,  and  uierefore  only  about  fifteen  miles  in 
nearly  the  same  direction  from  Cracow.  This  swamp  is  said  to  lie 
500  feet  above  the  level  of  a  small  stream,  tributary  of  the  Weich- 
sel,  which  flows  through  that  country  within  a  mile  of  the  spot. 
It  was  not,  however,  supposed  that  this  swamp  was  the  origmal 
source  of  the  cycad,  as  there  are  no  rocks  near  there  ana  the 
formation  consists  of  simple  clay  soil.  It  was  supposed  there- 
fore that  it  had  been  brought  there  by  the  peasants  who  were 
accustomed  to  utilize  the  swamp  in  macerating  their  hemp. 
But  there  was  said  to  be  some  higher  ground  not  far  distant 
where  there  are  hard  rocks,  and  where,  in  fact,  a  small  piece 
was  found  resembling  the  cycad  in  structure.  If  so  this  is 
probably  the  source  of  the  latter. 

A  mining  engineer  named  Borlach  in  some  way  obtained 
possession  of  the  specimen  and  sent  it  to  Dresden,  where  it  was 
placed  in  the  Natural  History  Cabinet  which  has  developed  into 
the  present  Museum  of  Geology  and  Mineralogy,  occupying 
the  southwest  portion  of  the  Zwmger.  Borlach  left  manuscript 
notes  with  the  specimen  giving  most  of  the  above-mentioned 
details  and  also  indulging  in  some  speculations  as  to  the  nature 
and  significance  of  the  specimen,  which  are  tolerably  free  from 
the  crudities  of  most  of  the  discussions  of  his  time  relative  to 
this  class  of  objects.  He  queries,  for  example,  whether  it  is  a 
marine  plant,  or  the  nest  of  some  marine  animal,  or  a  petri- 
fied land  plant  such  as  the  top  of  a  palm  tree.  He  seems  to 
incline  to  the  last  of  these  suppositions,  but  says  that  if  it 
really  be  a  petrified  palm  tlie  climate  nmst  have  been  hot  at 
the  time  it  grew,  from  which  he  infers  that  the  earth  must 
have  changed  its  axis  since  that  time.  It  is  probable  that 
Borlach  is  the  person  to  whose  opinion  to  this  effect  Eilenburg 
refers  in  the  passage  quoted  above  from  his  report. 

Eilenburg  describes  the  specimen  in  considerable  detail,  says 
that  it  is  irregularly  broken  at  both  ends,  has  a  cylindrical  but 
somewhat  oval  shape,  is  22  inches  in  major  and  20  inches  in 
minor  diameter  ana  24  inches  high,  is  of  a  black  color,  though 
brownish  at  one  end,  has  the  hardness  of  agate  or  flint,  and 
takes  a  fine  polish.  If  a  small  piece  be  detached  and  thrown 
into  the  fire  it  becomes  ash  gray  and  gives  off  the  odor  of 
brimstone,  but  remains  firm  and  does  not  burst  like  other  hard 
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stones.  He  describes  the  surface  of  the  specimen  as  covered 
with  holes  somewhat  systematically  arranged,  sometimes  in 
groups  having  the  shape  and  size  of  a  walnut,  except  that  in  some 
cases  there  rises  in  the  middle  on  the  longer  side  a  rounded 
boss  [this  must  refer  to  the  reproductive  organs].  The  areolae 
are  described  as  oval  and  penetrating  two  to  three  inches  into 
the  stone,  diminishing  in  size  with  the  depth.  But  in  some, 
he  says,  there  is  a  nucleus  [leaf  base]  of  the  same  material 
as  the  rock,  except  that  it  possesses  small  longitudinal  pores. 
Besides  the  larger  cavities  there  are  other  much  smaller  ones 
of  the  size  of  a  pea  arranged  in  elliptical  concentric  groups, 
some  of  which  are  compressed  [bract  scars].  In  some  places 
are  to  be  seen  special  growths,  so  to  speak,  having  the  form  of 
buds  which  have  not  yet  opened  and  only  slifi^htly  project. 
Some  of  tliese  smaller  cavities  have  porous  nuclei  resembling 
grains  of  barley,  but  most  of  them  are  empty.  In  one  spot  on 
this  rare  petrifaction,  he  adds,  a  piece  oi  the  rock  has  fallen 
out  leaving  a  funnel-shaped  depression  two  to  three  inches 
deep,  the  sharp  end  being  directed  toward  the  axis. 

Eilenburg,  as  we  have  seen,  adopted  the  view  that  the  petri- 
faction represented  a  hippurite  or  coral,  but  at  tliat  day  these 
objects  were  referred  to  the  vegetable  kingdom. 

On  page  150  of  Walch's  work  it  is  stated  that  the  specimen 
was  found  in  1751,  but  on  the  next  page  it  is  said  in  Borlach's 
notes  tliat  it  was  found  "erst  in  diesem  J  ahre."  As  all  accounts 
agree  that  it  was  sent  to  Dresden  by  Borlach  in  1753,  this 
would  also  seem  to  be  the  date  of  its  discover  v.  It  is,  however, 
possible  that  Borlach  wrote  these  notes  two  years  earlier. 

Dr.  Deichmiiller  finds  a  note  appended  to  the  entry  above 

? noted  in  Eilenburg's  manuscript  catalogue,  which  reads  as 
oUows:  "We  take  pleasure  in  referring  in  this  connection  to 
the  able  work  of  P.  Gabr.  Rzaczynsky:  Ilistoria  naturalis 
curiosa  regni  PoloiiicB^  1721,  printed  at  Sandomir,  where  on 
pages  5-117,  is  to  be  found  a  more  complete  account  of  the 
petrified  wood  {Litlioxylis)  discovered  in  Poland.'^  From  this 
entry  Dr.  Deichmiiller  thinks  it  not  ini2)0S8ible  that  this  speci- 
men may  be  treated  in  Rzaczynsky's  work  as  early  as  1721. 
This  does  not  seem  probable  from  the  above  account,  but  it 
is  greatly  to  be  hoped  that  this  work  may  be  found  and 
examined  from  this  point  of  view. 

The  specimen  lay  in  the  Dresden  Museum  for  nearly  a  cen- 
tury without  receiving  further  attention.  In  1844  Goppert 
seems  to  have  already  named  and  described  it,  for  in  his 
contribution  to  the  second  edition  of  Wimmer's  Flora  von 
Schlesien,  vol.  II,  p.  217,  where  he  describes  the  genus  Rau- 
meria  and  names  li.  Schulziana  (found  near  Gleiwitz  in  Sile- 
sia), he  adds  a  note  in  which  he  says  that  "the  celebrated 


Z.  F.  Ward — Fairuma  Fossil  Cycud.  45 

cycadean  trunk  at  Dresden  belongs  to  the  same  genus  {Hau- 
meria  Hetchenbachiana  Gopp.  manuscript)."  It  was,  however, 
nine  years  before  the  description  and  illustration  appeared. 
Meantime  Unger  listed  it  in  his  Synopsis  Plantarum  Fossilium, 
1845,  p.  163,  and  in  his  Chloris  Protogsea  of  about  the  same 
date,  p.  LXV.  Goppert  also  put  the  name  in  his  list  contri- 
buted to  Bronn's  Handbuch  (vol.  II,  Abth.  II,  Th.  Ill,  Index 
palaeontologicus,  1848),  both  in  the  Enumerator,  p.  38,  and  the 
rfomenclator,  p.  1078,  referring  it  to  the  lower  "Molasse"  or 
Miocene.  The  naked  name  occurred  at  least  four  times  more, 
viz.,  in  Unger's  Genera  et  Species  Plantarum  Fossilium,  1850, 

J.  301 ;  in  the  same  author's  work :  Die  Pflanzenwelt  der 
etztzeit  in  ihrer  historischen  Bedeutune,  1851,  p.  230;  in 
Massalongo's  Conspectus  Florae  Tertiariae  Orbis  Primsevi,  1852, 
p.  12 ;  and  in  Giebel's  work :  Deutschlands  Petrefacten,  1852, 
p.  91 ;  before  Goppert's  descriptive  paper :  Ueber  die  gegen- 
wartigen  Verhjiltnisse  der  Paliiontologie  in  Schlesien  so  wie 
iiber  fossile  Cycadeen,  in  which  the  specimen  was  fully  treated, 
finally  appeared  in  the  J  ubilaums-  Denkschrift  der  schlesischen 
Gesefischaft  fiir  vaterlandische  Cultur,  Breslau,  1853,  pp.  251- 
265,  pi.  vii-x. 

In  this  paper  we  have  a  somewhat  adequate  description  of 
the  specimen  accompanied  by  five  figures  (pi.  viii,  figs.  4-7; 
pi.  ix),  which,  Goppert  says,  were  furnished  by  Geinitz.  He 
dedicates  the  species,  however,  to  Reichenbach,  long  Director 
of  the  Dresden  Museum,  who,  he  says,  had  always  afforded  him 
free  access  to  the  collections.  From  this  we  must  infer  that  he 
had  studied  the  specimen  liiinself  at  first  hand.  His  historical 
account  is  very  brief,  referring  chieH y  to  Waleli's  description, 
but  making  no  mention  of  Eilenburg's. 

.  He  says  that  the  trunk  is  cylindrical,  24  inches  high,  20-22 
inches  in  diameter,  transformed  into  an  entirely  black,  chert- 
like mass,  showing  very  little  structure.  He  classes  it  as  the 
trunk  of  a  cycad  and  compares  it  with  that  of  Cycas  revoluta, 
reproducing  for  comparison  Vrolik's  figure  of  a  somewhat 
remarkable  specimen  of  that  species  (pi.  x,  fig.  3).  He  also  com- 
pares, or  rather,  contrasts  it  witli  Cycadeoidea  niicrophyUa  of 
feuckland,  reproducing  (pi.  x,  fig.  2)  his  figure  in  the  Bridge- 
water  Treatise,  vol.  II,  pi.  Ixi,  fig.  1.  He  recognizes  the  scai*s 
as  those  of  the  petioles,  and  says  some  are  from  one  to  two 
inches  deep.  The  prominent  reproductive  organs  could  not,  of 
course,  have  failed  to  attract  his  attention,  and  he  refers  to 
them  as  the  small  scars  that  take  the  place  of  the  large  ones  and 
arrange  themselves  in  circular  or  elliptical  grouj)s,  whicli  he 
regarded  as  perhaps  representing  spots  where  buds  are  break- 
ing through.  Such  buds,  he  says,  really  seem  to  have  been 
present    here.     He   seems   to   have   no   idea  of   their   being 
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reproductive  organs,  and  compares  them  with  those  of  both 
Cycadeoidea  mierophylla  and  Cycas  revoluta^  sayinfi^  that  as 
the  bads  grow  out  branches  are  formed. 

The  principal  figure  of  the  trunk  (pi.  viii,  fig.  4),  furnished,  as 
he  says  by  Geinitz,  represents,  al)out  one-eighth  natural  size,  the 
side  opposite  to  that  shown  in  the  photograph  sent  me  by  Greinitz. 
The  specimen  here  stands  more  erect,  and  though  inverted 
shows  less  of  the  base.  Fig.  5,  which  Goppert  calls  the  •*  obere 
Querschnitt,"  is  a  view  of  the  base,  and  the  structureless  area 
on  the  upper  left  portion  represents  a  large  oblique  fracture, 
which  I  described  as  the  loss  of  a  "  large  piece  extending  to  the 
medulla  and  running  out  28^^  above,  with  a  width  of  43***." 
Plate  ix  represents  natural  size  an  area  20*^""  wide  and  215™""  high 
near  the  base,  which  is  still  at  the  top  of  the  figure,  showing 
several  of  the  larger  reproductive  organs,  one  of  which,  though 
here  drawn  as  if  the  spadix  had  fallen  out,  is  of  special  interest 
in  showing  a  radiate  structure  with  carpel-like  partitions  that 
may  contain  seeds. 

Plate  viii,  tigs.  6  (natural  size)  and  7  (somewhat  enlarged) 
represent  a  cross  section  of  a  small  piece  from  this  trunk, 
apparently  a  leaf  scar  containing  the  base  of  a  petiole,  which 
Giippert  says  was  sent  him  by  Reiehenbach  at  an  earlier  date, 
and  which  he  seems  to  have  cut  transversely  and  figured  him- 
self. He  recognizes  resin  ducts  and  parenchymatous  cells,  but 
finds  no  vascular  bundles.  I  was  myself  unable  to  see  any  vas- 
cular bundles  in  the  leaf  bases.  They  are  either  indistinguish- 
able from  the  parenchyma  or  else  they  lie  close  to  the  walls  and 
blend  with  the  partition  lines. 

In  1858  Geinitz  issued  one  of  the  reports  on  the  Dresden 
Museum  which  bear  the  title :  Das  Konigliche  Mineralogische 
Museum  in  Dresden,  in  which  he  gave  a  succinct  history  of  the 
Musemn  from  its  earliest  beginnings.  It  does  not,  however, 
contain  any  of  the  above  facts  relative  to  this  specimen,  which  is 
only  once  mentioned  (p.  17),  in  connection  with  the  great  three 
days'  fire  of  1849,  during  which  the  greater  part  of  the  collec- 
tions thus  far  accumulated  were  destroyed.  "  Only  one  speci- 
men, the  precious  Rautneria  Reichetihachi  Goppert,  a  cycad 
from  Wieliczka,  remained  unscathed  under  the  protection  of  a 
sandstone  pillar." 

The  next  mention  that  I  find  of  this  species  is  in  Miquel's 
Prodromus  Systematis  Cycadearnm,  published  at  Utrecht  and 
Amsterdam  in  1861  (p.  29).  It  adds  uotliing  to  the  knowledge 
of  it. 

Equally  without  significance  is  the  allusion  to  it  by  Geinitz 
in  his  J)yas  (Heft  II,  1862,  pp.  148,  341),  except  for  his  refer- 
ence of  it  to  the  Permian,  which  was  only  a  guess  and  of  course 
a  wrong  one. 
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Carruthers  in  1870  described  the  species  twice  in  his  well 
cnown  paper  on  Cycadean  Stems  from  the  Secondary  Rocks  of 
Britain  (Trans.  Linn.  Soc,  vol.  XX  VI,  pp.  682, 704),  but  does  not 
ippear  to  have  seen  the  specimen.  He  says  that  the  formation 
8  unknown.  Schimper  also  described  the  species  in  1870 
;Paleontologie  V^g^tale,  vol.  II,  p.  189),  but  he  distinctly 
itated  that  ne  had  not  seen  the  fossil  and  could  only  copy 
joppert's  diamiosis. 

Geinitz,  in  nis  report  on  the  Dresden  Museum  bearing  the 
uime  title  as  the  one  previously  mentioned,  but  dated  1878, 
i^ives  a  short  bibliography  but,  as  it  seems,  inadvertently  omits 
Hie  title  of  Goppert's  paper  above  treated,  in  which  this  speci- 
nen  was  first  described.  This  omission  he  supplies  by  pub- 
ishing  a  supplementary  page  dated  January  12, 1874.  This  he 
^as  Kind  enough  to  send  me  at  the  same  time  as  the  photo- 
graph. 

Count  Solms-Laubach  examined  this  trunk  and  was  the  first 
X)  point  out  that  Goppert's  whorls  of  small  scars  represent  the 
lateral  fruit-bearing  axes  (Einleitung  in  die  Palftophytologie, 
Leipzig,  1887,  p.  102).  He  did  not  therefore  hesitate  to  cmss 
t  as  a  Bennettites  as  Carruthers  had  defined  that  genus. 

In  1892  Capellini  and  Solms-Laubach  referred  this  species 
X)  Buckland's  genus  Cycadeoidea  (I  tronchi  di  Bennettitee  dei 
Unsei  Italiani,  Mem.  Beal.  Accad.  Sci.  delP  1st.  di  Bologna, 
3er.  Y,  Tom.  II,  p.  188),  in  which  I  have  followed  them  in  all 
nv  papers  where  I  have  had  occasion  to  mention  it  (Proc. 
Biol.  Soc.  Washington,  vol.  IX,  April  9,  Washington,  1894, 
p.  85;  Proc.  U.  S.  Nat.  Mus.,  vol.  XXI,  No.  1141,  Washington, 
L898,  p.  198 ;  Nineteenth  Ann.  Rep.  IT.  S.  Geol.  Surv.,  1897-98, 
WTashington,  1899,  pp.  601,  604,  605,  pi.  lix). 

II.    Geological  Position, 

It  will  be  seen  from  the  above  sketcli  of  the  history  of  this 
jpeeimen  that  the  geological  formation  to  which  it  belongs  is 
)nly  twice  alluded  to,  one  of  the  references  placing  it  in  the 
Miocene  and  the  other  in  the  Permian.  That  it  could  have 
;ome  from  neither  of  these  formations  1  have  all  along  been 
satisfied,  and  from  its  close  resemblance  to  the  trunks  found  in 
Jie  Lower  Cretaceous  of  other  parts  of  Europe,  and  especially 
)f  America,  I  have  believed  that  if  its  true  source  should  ever 
>e  discovered  it  would  be  found  to  be  in  beds  of  that  age.  As 
t  was  found  in  territory  now  forming  a  part  of  the  Austrian 
empire,  and  as  geological  activity  in  Austria  has  been  very  great 
:or  many  years,  I  hoped  to  find  that  tlie  region  around  Lean  ice 
lad  been  surveyed  in  a  manner  sufficently  thorough  to  furnish 
;he  data  for  forming  a  judgment  as  to  the  true  age  of  the  beds 
n  which  it  occurred.  After  some  unsuccessful  search  among 
:he  voluminous  reports  of  the  Austrian  Geological   Survey,  1 
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filially  wrote  to  Dr.  Emil  Tietze,  the  distinguished  Director  < 
the  k.k.  geologisclie  Keichsanstalt,  to  learn  if  possible  wheth« 
this  district  had  been  surveyed  and  if  so  where  I  could  find  tl 
report,  maps,  etc.,  He  replied  promptly  and  informed  me  th 
he  had  himself  made  tliis  survey  and  published  the  results : 
1887.* 

In  my  letter  to  Director  Tietze,  dated  November  12, 1903, 
said : 

"I  note  that  most  of  the  region  about  Cracow  is  mapped 
Tertiary.  It  does  not  seem  probable  that  the  specimen  con 
have  come  from  the  Tertiary,  as  all  similar  trunks,  from  win 
ever  part  of  the  world,  have  been  found  in  much  older  stral 
ranging  from  the  Middle  Jurassic  to  the  Lower  Cretaceoi 
The  specimens  most  closely  related  to  it  in  America  occur 
the  Lower  Cretaceous  of  the  Black  Hills,  South  Dakota." 

In  his  reply  of  December  10,  he  says : 

"  The  salt  formation  of  Wieliczka  is  certainly  Tertiary  ai 
Miocene.  The  Cycadeoidea  Reichenhachiana  surely  does  r 
come  from  this  salt  formation,  the  flora  of  which  is  in  fi 
known  from  the  works  of  Uuger  and  Stur.  But  at  Ledni 
the  beds  of  the  Miocene  salt  formation  do  not  occur.  The 
are  developed  partly  Oligocene,  partly  Lower  Cretaceo 
deposits.  Probably,  therefore,  the  specimen  in  miestion  car 
from  the  Lower  Oretaceous  of  Lednice.  Still,  1  must  adn 
that  thus  far  tlie  presence  of  fossil  plants  was  not  known  hei 
and  also  tliat  in  the  general  region  about  Wieliczka  su 
remains  have  heretofore  scarcely  been  found.  This  is  of  coui 
no  reason  for  doubting  their  presence  at  this  locality." 

A  glance  at  the  fourth  sheet  of  Dr.  Tietze's  Map  (Jahi 
1887,  pi.  xix),  shows  that  beds  colored  for  Neocpmian  occur 
Lednice  and  throughout  that  general  region,  and  it  seems  thei 
fore  next  to  certain  that  it  was  from  these  beds  that  the  spe 
men  was  primarily  derived. 

IIL  Systematic  Treatment. 

Description    of  the  Species. 

Cycadeoidea  Reichenhachiana  (Gopp.)  Cap.  and  Solms. 

1755.  Hippuriten  oder  versteinerte  Corallenbecher  Eilenbur^ 
Ktirzer  Entwurf  der  Koniglichen  Naturalienkammer  ; 
Dresden,  p.  24. 

1771.  Vegetabilische  Versteinerung  Walch:  Die  Naturgeschich 
der  Versteinerungen  ziir  Erliiuterung  der  Knorrischi 
Sammlung  von  Merkwilrdigkeiten  der  Natur,  Pt.  II 
p.  150  ;  Atlas,  Supplement,  pi.  III^'^,  fig.  0. 

*  Die  geo<^OHti8chen  Verhaituisse  der  Gegend  von  Krakau.  Von  Dr.  En 
Tietze.  Jahrb.  d.  k.k.  (ieol.  Reich sanstalt,  XXXV^II.  Bd.,  1887,  Wien,  18i 
pp.  423-838.     4  maps. 
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1 844.     Raumeria  Reicbenbachiana  GOppert  in  Wimmer :  Flora 

von  Schlesien,  Ed.  II,  vol.  II,  p.  217  (nomen). 
1853.      Raumeria     Reicbenbachiana     Gopp.  :     Jubilaums-Denk- 

scbrift  d.  Scbles.  Ges.  f.  vat.  Cult.,  p.  262,  pi.  viii,  figs. 

4-7  ;  pi.  ix. 
1892.     Cycadeoidea  Reicbenbachiana  ^Gopp.)   Cap.  and  Solras: 

jVIem.  Real.  Accad.  Sci.  1st.  rJologna,  Ser.  V,  Tom.  II, 

p.  188. 
1894.     Cycadeoidea  Reicbenbachiana  (Gopp.)   Cap.  and  Solms. 

Ward  :  Proc.  Biol.  Soc.  Washington,  vol.  IX,  p.  85. 
1899.     Cycadeoidea  Reicbenbachiana  (GOpp.)   Cap.   and  Solms. 

Ward  :  Nineteenth  Ann.  Rep.  U.  S.  Geol.  Surv.,  1897-98, 

pp.  601,  604,  pi.  lix. 

Trunks  large,  cylindrical  or  subconical,  little  compressed,  the 
longer  diameter  54*^"  at  the  base  and  52*^°'  near  the  middle,  the 
shorter  44*^  at  the  base  and  42^""  near  the  middle,  unbranched ; 
rock  very  hard  and  chert-like,  black,  becoming  light  gray  on 
long  exposed  surfaces,  fine-grained,  breaking  with  a  conchoidal 
fracture,  of  high  specific  gravity ;  organs  of  the  armor  all 
slightly  and  uniformly  ascending;  phyllotaxy  much  inter- 
rupted and  irregular  but  consisting  of  two  spiral  rows  of  which 
those  from  left  to  right  form  an  angle  of  about  45°,  and  those 
from  right  to  left  of  about  25°  or  30°  with  the  axis,  the  former 
much  more  clear ;  leaf  scars  subrhombic,  the  lower  angle 
obtuse,  the  two  upper  sides  commonly  reduced  to  a  curve  or 
arch,  somewhat  uniform  in  size,  averaging  25™°"  in  width  (but 
showing  extremes  ranging  from  15"'™  to  SO""™)  and  13"™  in 
height  showing  extremes  from  10™™  to  20™™  ;  leaf  bases  usually 
visible  at  the  bottom  of  deep  areolae,  the  depth  varying  from 
Qcm  ^Q  gcm^  probably  all  disarticulated  at  a  natural  joint,  the 
somewhat  spongy  or  porous  interior  inclosed  in  a  sheath  of 
firm,  fine  grained  material  which  itself  consists  of  two  plates, 
the  two  together  about  0*5™™  thick ;  vascular  bundles  invisible, 
perhaps  inclosed  between  the  two  plates  of  the  sheath ;  w^alls 
very  thick  but  varying  from  2™™  to  15™™,  averaging  about  1*^™, 
rough  and  irregularly  grooved  on  the  outer  surface,  sometimes 
showing  a  median  line,  often  traversed  by  bract  scars  ;  repro- 
ductive organs  very  large,  numerous  and  prominent,  distorting 
the  arrangement  of  tlie  leaf  scars,  elliptical  in  cross  section,  the 
longer  axis  often  V^  or  8*^™,  the  shorter  4*"™  or  5''™,  but  varying 
greatly  in  size  and  sometimes  appearing  to  coalesce ;  involu- 
cral  bract  sears  numerous  and  conspicuous,  covering  most  of 
the  surface  of  the  trunk,  spirally  arranged  around  the  spadices 
but  straggling  out  over  the  surface  of  the  w-alls,  semilunar,  tri- 
angular or  subrhombic,  rather  small  (3™"'  to  6™™  long,  1™™  to 
3°"°  wide) ;  central  portion  of  the  inflorescences  often  covered 
with  scars  or  markings,  sometimes  solid  and  raised  1*^™  to  2°™ 
above  the  general  surface,  a  few  concave  and  showing  a  radiate 
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carpellary  structnre  suggesting  the  presence  of  contained  seeds; 
armor  very  thick  (5""  to  10""),  its  attachment  to  the  axis 
obscure  and  apparently  indefinite ;  woody  cylinder  about  8** 
thick,  uniform  m  color  and  texture  and  showing  on  the  rough 
fractures  no  subdivisions  or  rings ;  medulla  about  13^  in  diam- 
eter and  nearly  circular  in  cross  section,  hard,  black,  and  homo- 
geneous in  structure,  which  diflfers  little  in  appearance  from 
that  of  the  wood. 

The  only  specimen  of  this  species  known  is  the  one  in  the 
Dresden  Museum  of  which  the  history  is  here  recorded.  It 
consists  of  the  basal  portion  of  a  very  large  trunk  of  unknown 
height  and  of  which  the  exact  form  of  the  upper  part  is  also  of 
course  unknown,  but  from  analogy  with  tlie  iiundreds  of  speci- 
mens of  cycads  which  are  now  known  from  different  parts  of  the 
world,  it  is  tolerably  safe  to  infer  that  the  specimen  represents 
at  least  half  the  length  and  that  the  top  was  conical  or  dome- 
shaped.  The  fracture  through  the  middle  portion  is  a  little 
oblique  so  that  the  specimen  leans  somewhat.  It  is  nearly  eveo, 
but  not  wholly  so,  the  central  part  of  the  piece  pi'eserved  being 
somewhat  higher  than  the  part  next  to  the  surface  so  as  to  make 
it  slightly  arciied  or  convex  in  the  middle,  sloping  gently  away 
from  the  center  in  all  directions,  the  elevation  amounting  to 
about  4*^"  or  5*^".  The  specimen  seems  to  have  always  been 
placed  on  this  square  end,  apparently  for  no  better  reason  than 
that  it  would  thus  stand  without  having  to  be  blocked  up,  as 
would  have  been  necessary  if  it  stood  on  its  much  less  even 
base.  The  base,  as  shown  by  the  figures,  is  imperfect  from  the 
loss  of  numerous  chips  and  splinters  on  one  side  and  of  the 
large  piece  on  the  other  to  which  mention  has  already  been 
made  (supra,  p.  46). 

The  specimen  has  not  been  weighed  so  far  as  known  unless 
this  was  done  soon  after  it  was  sent  to  Dresden,  and  if  so  the 
exact  weight  was  not  recorded,  the  only  reference  to  the  weight 
being  that  of  Eilenburg  who  says  that  it  is  "  iiber  einen  Centner 
scliwer"  (ibid,  p.  24),  which  is  repeated  by  Walch  (op.  cit, 
p.  150).  This  estimate  was  certainly  much  too  small,  whether 
we  make  the  Centner  100,  112,  or  120  pounds.  The  specific 
gravity  is  about  the  same  as  that  of  the  type  specimen  of  C. 
Jenneyana  and  it  is  somewhat  larger  than  the  basal  piece  of 
that  specimen,  which  weighs  95*26  kilograms,  or  nearly  210 
pounds. 

Of  all  the  species  known  to  me  C.  Jenneyana  is  the  one  that 
C.  Beichenhachiana  most  closely  resembles,  but  as  the  above 
description  clearly  shows,  it  is  certainly  distinct  from  that 
species  and  is  probably  distinct  from  all  other  species  thus  far 
described. 

After  having  taken  full  notes  of  the  specimen,  from  which  I 
have  been  able  to  make  the  above  description,  I  drew  the  spe- 
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cial  attention  of  Professor  Deichmull^r  to  the  most  promisinj; 
of  the  reproductive  organs,  and  at  my  indication  he  marked 
several  of  these  with  red  chalk.  Should  any  one  ever  under- 
take the  study  of  its  internal  structure  these  should  be  specially 
inveetigated.  Of  course  1  cannot  promise  that  they  would  be 
foand  to  contain  seeds,  but  if  there  are  any  that  contain  them 
the  ones  so  marked  are  likely  to  do  so. 

It  is  unfortunate  that  Count  Solms  was  nnable  to  make  this 
inveetigation  when  he  was  studying  the  British  and  Italian 
trunks.  In  a  tetter  that  I  received  from  him  dated  October  28, 
1894,  he  said : 


^-^' 


"It  is  to  be  refircttcd  that  at  the  time  1  ruquestod  it  and 
offered  to  pay  the  expensefi  of  transportation  and  suction  cutting, 
permission  to  investigate  the  great  Umimeriii  Itvifhenhachiaua 
of  the  Dresden  Museum  was  not  granted  me.  Now  that  1  am 
through  with  this  work  I  would  not  exjwnd  the  necessary  three 
or  four  hundred  marks.  From  the  examination  of  a  couple  of 
small  splinters  broken  from  it  I  know,  however,  that  the  trunk 
presente  well-preserved  area?,  and  it  contains  a  mass  of  inUo- 
rescences  whicli  areeertainly  wholly  included.  Geinitz  has  also 
Bent  me  the  photograph." 


52  L.  F.  }t'ard— Famous  Fa$sil  Cyead. 

It  is  greatly  to  be  hoped  that  Connt  Solms  may  be  induced 
to  return  to  tliis  subject  and  to  investigate  thoroughly  the  cele- 
brated Dresden  cycad  from  the  standpoint  of  its  internal 
structure  and  its  liotanical  affinities. 

As  the  si)ecimen  has  thus  far  always  l>een  figured  inverted,  I 
have  undertaken  in  the  figure  on  the  preceding  page  to  show  it 
standing  on  its  base.  But  having  nothing  but  the  reproduction 
of  the  photograph  sent  me  by  Geinitz,  all  that  can  be  done  is  to 
invert  this  and  reproduce  it  again.  I  have  already  stated  that  as 
it  stands  on  the  support  in  the  Dresden  Museum  it  leans  somewhat 
on  account  of  the  fracture  l)eing  slightly  obli4|ue  to  the  axis.  This 
it  is  sought  to  remedy  also,  an<i  the  present  figure  shows  it  erect 
with  the  scars  horizontal  and  their  acute  angle  downwards,  as 
it  undoubtedly  grew.  As  the  light  was  from  above  in  the 
photograph  it  is  of  course  from  below  in  this  figure,  but  this 
mechanical  defect  is  less  pronounced  than  it  would  be  in  most 
cases. 
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Abt.  VIII. — A  Comparison  of  Two  Wms  of  Using  the  QaZ- 

vanoineter  ;  by  Henry  A.  ^tebkins. 

Thebe  are  a  number  of  instances  in  laboratory  practice 
where  a  galvanometer  is  used  to  record  changes  in  the  resist- 
ance of  a  piece  of  apparatus  such  as  a  bolometer,  selenium  cell 
or  bismuth  spiral  where  the  highest  degree  of  sensitiveness  is 
required,  and  there  is  a  choice  between  a  Wheatstone  Bridge 
arrangement  and  a  simple  series  connection.  The  purpose  of 
this  paper  is  to  investigate  the  relative  delicacy  of  tne  two 
methods. 

In  using  the  Wheatstone  Bridge  the  variable  resistance  is 
introduced  in  one  of  the  arms,  the  bridge  is  balanced  and  the 
galvanometer  then  deflects 
when    the     variable    arm 
changes. 

In  order  to  calculate  the 
current  that  will  flow 
through  the  galvanometer, 
we  apply  Kirchhoff  s  laws, 
and  assume  the  various 
resistances  equal  to  r„  r^, 
r„  r^.  r,  and  r.,  where  r. 
is  the  resistance  of  the 
battery,  r,  that  of  the  gal- 
vanometer and  the  others 
represent  the  arms  of  the 
bridge,  r,  being  the  variable  resistance. 

In  calculating  the  galvanometer  current  we  shall  make  use 
of  the  following  six  equations : 

(n  c,  =  c,  +  c 
(2  c.  =  c.  -  c. 
(3)  c  =  c,  +  c. 

(4)  E  =  Cr. +  C,r, +C,r. 

(5)  0=C,r,-C,»-, +  C.»-. 

(6)  0  =  C,r,-C.^-C,r. 

Combining  and  assembling  the  coefficients  we  obtain 

C.C".  +  »-,  +  »•.)  +  ^.^  +  '•.  »•.  =  E 
C,r.-C.r.  +  C.(r. +  r.  +  rj  =  0 

C.r.-C.r.-C.r.=  0 

Solving  for  C,  by  determinants 
E  (^  >•,  -r,  r.) 


C.= 


6 


^^r^ry,r^  —  r,  r, r^  — r, 


r  r  — r  r  r  —  r  v  t 
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dC 

Since  rj  is  the  variable  branch      -  is  the  measure  of  the  sensi- 

tiveness  of  the  arrangement.     This  differential  reduces  to 

—  E  /{  2r,  r,  +  '2r^r^  +  r,  r,  +  r.  r,  +  r,  r,  +  r^r^  ■¥  r,«  +  (r,'  r,  + 

when  /•,  has  been  eliminated  by  the  relation  r,  r^  =  r,  r,  which 
is  true  when  the  bridge  is  balanced. 

In  this  equation  7\  and  r^  are  independent  variables,  and  it 
is  now  essential  to  iind  how  they  should  be  adjusted  to  render 

dC 

— ^  a  maximum.     Assuming  r,  constant  and  differentiating 

the  above  coefficient  with  respect  to  7\  and  setting  it  equal  to 

dC 

O  we  obtain  a  vahie  of   r,  which  must  be  substituted  in  -^ 

and  the  result  again  differentiated  with  respect  to  the  one 
remaining  variable,  r,.  Finally  solving  for  r,  and  making  use 
of  r,  7\  =  7'  /*,  and  the  value  already  obtained  for  r,  we  nave 
r„  ?',  and  /\  in  terms  of  the  constants  r,  7\  and  r,.  These 
values  are 

'  1       '  6  1       •       '  6 

We  are  now  in  a  condition  to  evaluate  the  sensitiveness  of 
the  bridge  method  by  substituting  the  values  of  7\  r,  7\  in  the 
coefficient  of  sensitiveness,  reducing  it  to 

dC^  ^ -E_  ^  g 

dr,        r,  !  2r,  +  2rH  %/(>-,  +  r J  +  r,  f 

where  r^  has  been  set  equal  to  O,  as  in  either  method  con- 
sidered it  will  be  small  compared  to  the  other  resistances,  and 
if  it  is  retained  the  above  expression  is  too  unwieldy  for  ready 
comparison  with  that  which  follows. ' 

The  second  case  is  much  simpler.  Here  the  battery,  variable 
resistance  and  galvanometer  are  arranged  in  series.  Assuming 
here  also  that  the  battery  resistance  is  negligible,  and  also 
nshig  the  same  E.M-^  •  we  have 

^  E  .  ^/C  E  ^ 

r,  +  r,  ar^  (r,  +  rj 

*  Heavyside  obtained  almost  the  same  resalts  in  the  fourth  paper.  Vol.  I. 
Electrical  papers,  but  his  value  for  r^  is  ilearly  wrong.     It  should  read 

If/J^^K  +/  )    instead  of     YJ'^S^^  —L\  as  can  be  readily  shown  by  applying 
sl      g  +  .x-  >J     (/  +  a* 

the  bridge  formula  to  the  values  of  r%  and  r^  and  solving  for  r^.     Moreover, 

lie 

the  value  of  the  differential  coefficient  — ?  was  not  given,  as  his  method  was 

essentially  different  from  the  one  just  outlined,  so  his  paper  was  of  little 
assistance. 
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To  compare  Sj  and  S„  the  most  obvious  method  is  to  find 
what  conditions  render  them  equal.  Setting  S,  =  S,  we  have 
r*  —  4^1'  r,  —  4r*  =  O.  The  solution  of  this  cubic  gives 
r,  =  2*4  r^,  approximately.  A  further  comparison  indicates 
that  if  the  galvanometer  resistance  is  less  than  2*4  times  that 
of  the  cell,  the  series  arrangement  is  best,  although  when  the 
galvanometer  resistance  is  zero  they  are  again  equal.  All  values 
of  r,  greater  than  2*4  r,  give  S,  greater  than  S„  and  when 
r,  =  6r^  the  bridge  method  is  twice  as  sensitive. 

The  following  table  gives  an  approximate  idea  of  the  relative 
value  of  the  methods.     E  is  assumed   =  100 
and   9\  =  1.      The   values   are   given  to  the 
nearest  integer. 

Another  aspect  of  the  problem  arises  when 
a  certain  maximum  current  through  the  varia- 
ble resistance  is  admissible.  Let.  this  current 
=  K.      Then  in  case  of  the  bridge  method 

Hi  

K  = substituting  for  E  in  S,  we  have 

2K 

S,  =    -  -     -    verynearlv.    In  order  to  obtain 

this  simple  value  it  was  assumed  that  in  all 

cases  where  the  current  through  r,  arm  of 

the  bridge  is  limited,  r,  will  be  considerably 

smaller  than  r^ ;  and  even  if  r,  is  half  as  large  as  r^,  the  error 

is  still  very  small. 

Now  S,  under  these  conditions  =      hence   it   is   clear 

r    4-  r 

that  the  series  method  is  always  best  when  the  current  m  r, 
must  not  rise  above  K. 

One  more  case  remains ;  when  the  allowable  current  through 
the  galvanometer  is  less  than  that  allowed  tlirough  the  varia- 
ble resistance.      In   this  case  S^    becomes  e(|ual   to   S,  when 

K'  2(r  +  r  ) 

-,v    =  -^-^ when  K'  is  the  maximum    current   allowed 

K  4r^  +  3r 

through  the  galvanometer.      If  t^    ^^  smaller  than   this,  the 

bridge  method  is  clearly  best.  When  K'  is  very  small  indeed 
as  compared  to  K  this  method  is  vastly  more  sensitive  than 
the  other. 

Trinity  CoUege,  May,  1904. 
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Art.  IX.  —  Further    Work  with  the  Rotating  Cathode;    by 

H.  E.  Medway. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Tale  UniYerBitj.— 

cxxvin.j 

It  has  been  sliown  in  a  previous  article*  that  metals  may  be 
precipitated  electrolytically,  with  ^reat  economy  of  time  and 
with  much  exactness,  by  the  use  of  a  rapidly  rotating  cathode. 
The  apparatus  employed  consists  of  a  platinum  crucible  fastened 
to  the  vertical  shaft  of  a  small  electric  motor  and  dipping  into 
the  solution  to  be  electrolvzed.  A  current  from  a  series  of 
storage  batteries  is  passed  through  the  solution  between  a 
platinum  anode  and  the  crucible,  which  serves  as  the  cathode, 
while  in  rapid  rotation ;  it  being  found  that  under  these  con- 
ditions a  high  density  of  current  may  be  used  with  a  consequent 
shortening  of  time  over  that  required  for  complete  deposition 
with  a  stationary  cathode. 

In  the  article  referred  to,  attention  is  called  to  the  rapid 
determination  of  copper,  silver  and  nickel  electrolytically.  It 
is  the  purpose  of  the  present  article  to  give  results,  obtained  in 
the  same  way,  in  a  study  of  the  conditions  adapted  to  the  use 
of  the  apparatus  upon  solutions  in  common  use  in  the  ordinary 
process  of  electrolysis  between  stationary  electrodes,  and  in  some 
cases  studied  by  Exnerf  with  reference  to  the  application  of 
the  stirring  anode  and  ordinary  cathode  to  similar  rapid  pre- 
cipitations. 

Cadniinm. 

Cadmium  sulphate,  approximately  0*2  grm.,  was  dissolved  in 
60  cm*  of  water,  10  drops  of  dilute  sulphuric  acid  added  to  give 
conductivity  and  the  solution  was  electrolyzed,  while  the  cru- 
cible, serving  as  the  cathode,  was  rotating  at  a  rate  of  650-700 
revolutions  a  minute.  It  was  noticed  that  a  perceptible  solvent 
action  of  the  acid  takes  place  upon  the  deposit  of  cadmium  in 
the  short  time  necessarily  taken  to  remove  the  crucible  from 
the  liquid.  Therefore,  in  order  to  avoid  siphoning,  dilute 
ammonia  w^as  added  drop  by  drop  after  the  metal  had  been 
all  deposited  and  while  the  current  still  passed,  until  the  solu- 
tion was  faintly  alkaline. 

That  this  procedure  proves  satisfactory,  the  following  results 
will  show : 

♦Gooch  and  Medway :     This  Jour.,  xv,  820,  1903. 
t  Jour.  Am.  Chem.  Soc,  xxv,  896. 
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Cadmium 

Cadminm 

taken 

found 

Error 

Cnrrent 

N.  D. 

Tim 

gnu. 

grm. 

grm. 

Amp. 

100. 

mi: 

0-1088 

0-1083 

—  0-0005 

2 

6-6 

15 

0-1088 

0-1086 

—0-0003 

2 

6-6 

15 

0-1088 

0-1092 

+  0-0004 

1-5 

6- 

15 

0-1088 

0-1090 

+  00002 

2 

6-6 

15 

0-1088 

0-1093 

+  0-0005 

1-5 

5- 

12 

0-1088 

01093 

+  0-0005 

3 

66 

10 

0-1088 

0-1087 

—  0-0001 

2 

6-6 

10 

Tin, 

For  the  purpose  of  trying  the  electrolytic  deposition  of  tin, 
a  solution  of  stannous  ammonium  chloride  was  prepared  of 
about  20  cm'  volume.  To  this  was  added  a  cold  saturated 
solution  of  ammonium  oxalate  amounting  to  100  cm*.  The 
electrolysis  then  proceeded  in  the  usual  way. 

Results  are  below : 


Tin 

Tin 

taken 

found 

En-or 

Cuneut 

N.  D. 

Time 

gnu. 

grm. 

grm. 

Amp. 

100. 

min 

1) 

0-0804 

0-0802 

-0-0002 

2-6 

8-3 

20 

2) 

0-0804 

0-0800 

—  0-0004 

2 

6-6 

20 

3) 

01607 

0-1610 

+  0-0003 

2-5 

8-3 

20 

V 

0-1607 

0-1603 

—  0-0004 

2-5 

8-3 

20 

5) 

0-1607 

0-1607 

±00000 

3-5 

11-6 

15 

An  alkaline  oxalate  was  also  used  in  the  case  of  zinc  —  the 
next  metal  whose  precipitation  was  attempted,  but  it  was  found 
expedient  to  use  potassium  oxalate  instead  of  ammonium 
oxalate,  since  the  presence  of  ammonium  salts  appeared  to  re- 
tard the  complete  deposition  of  the  metal.  Therefore,  the  fol- 
lowing procedure  was  adopted  :  The  zinc  salt — preferably  the 
sulphate — was  dissolved  m  50  cm*  of  water  and  4  grms.  of 
potassium  oxalate  were  added.  The  solution  was  then  sub- 
mitted to  electrolysis. 

The  results  follow: 


Zinc 

Zinc 

taken 

found 

Error 

Current 

N.  D. 

Time 

gnu. 

grm. 

grm. 

Amp. 

100. 

min 

1) 

00553 

0-0556 

+  0-0003 

2-5 

8-3 

25 

2) 

0-0553 

0-0553 

±0-0000 

2-5 

8-3 

25 

3) 

0-0553 

0-0552 

—  0-0001 

2-5 

8-3 

25 

4) 

0-0993 

0-0995 

+  0-0002 

2-5 

8-3 

30 

5) 

00993 

0-0994 

+  0-0001 

2- 

6-6 

25 

«) 

00993 

0-0991 

—0-0002 

2- 

6-6 

25 
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In  the  usual  method  of  electrolysis  with  stationary  electrodes, 
it  has  been  found  that,  when  the  attempt  is  made  to  remove 
the  zinc  from  the  platinum  upon  which  it  has  been  deposited, 
there  is  a  coating  of  platinum  black,  some  of  the  zinc  presum- 
ably having  amal^mated  with  the  platinum.  Only  by  dis- 
solving the  zinc,  heating  the  crucible  to  redness  and  nnallj 
making  another  application  of  acid  can  this  black  coating  be 
conveniently  removed,  there  being  a  loss  of  platinum  due  to 
this  removal.  In  order  to  avoid  this  formation  it  has  been 
found  necessary  to  coat  the  platinum  with  copper  and  deposit 
the  zinc  upon  this.  The  zinc  and  copper  may  then  be  easily 
removed  together  by  acid. 

In  depositing  the  zinc  upon  a  rotating  cathode  it  was  found 
to  be  unnecessary  to  coat  the  platinum  with  copper,  since  the 
zinc  could  be  removed  witliout  any  appearance  of  platinum 
black,  thus  avoiding  the  second  treatment  by  acid,  with  the 
attendant  loss  of  platinum. 

Gold. 

The  apparatus  was  next  applied  to  the  determination  of  gold. 

A  solution  of  auric  chloride  was  made  of  25  cm'  volume. 
Potassium  cyanide  was  then  added  in  considerable  excess  and 
about  30  drops  of  strong  ammonia.  The  electrolysis  was  carried 
on  in  the  usual  manner. 

The  results  are  given  below  : 


Gold 

Gold 

taken 

foand 

Error 

Curreut 

N.  D. 

Time 

grm. 

grm. 

grm. 

Amp. 

100. 

min. 

0-0695 

0-0694 

—  0-0001 

2- 

6-6 

30 

0-0695 

00696 

+  0-0001 

2- 

6-6 

30 

0-0598 

00598 

±00000 

0-5 

1-8 

30 

0-0598 

0-0598 

±  0-0000 

0-5 

1-8 

30 

0-0598 

0-05975 

—0-00005 

1- 

3-3 

25 

No  attempt  was  made  to  find  the  minimum  time  required 
for  these  depositions. 
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Akt.  X. — On  the  Transverse  Vibrations  of  Selical  Springs; 

by  Howard  L.  Bronson. 

It  has  been  known  for  a  long  time  that  the  pitch  of  a 
stretched  india-rubber  cord  rises  very  little,  if  at  all,  when  its 
length  is  increased  by  stretching.  This  peculiarity  has  been 
recently  investigated  by  T.  J.  Baker*  and  oj^  Viktor  v.  Lang.f 
Both  found  that  the  apparent  constancy  in  pitch  is  in  some  way 
related  to  the  fact  that  the  length  and  tension  are  linearly  re- 
lated through  a  considerable  range. 

Now  if  a  linear  relation  between  length  and  tension  is  the 
only  requisite  for  constancy  of  pitch,  then  certainly  a  helical 
spring  ought  also  to  have  a  constant  pitch  for  a  considerable 
cnange  in  length.  This  consideration,  together  with  the  fact 
that  a  metal  spring  ought  to  be  more  uniform  in  its  behavior 
than  a  rubber  cord,  were  the  two  things  which  suggested  this 
study  of  helical  springs. 

Apparatus, 

The  first  thing  necessary  for  the  investigation  was  to  find 
suitable  springs,  which  should  have  considerable  range  in  size 
and  stiflfness.  Seven  springs  were  made  of  brass  wire  which 
seemed  to  have  sufficient  regularity  and  the  desired  range  of 
size.  The  following  table  gives  for  each  spring  the  diameter 
of  wire  used,  the  diameter  of  the  mandrel  on  which  it  was 
wound,  its  mass,  and  L',  the  approximate  percentage  increase 
in  length  for  an  increase  in  tension  of  ten  grams. 


Table  I. 

Diam.  of 

Diam.  of  Wire. 

Mandrel. 

Mass. 

L'. 

0-29 

mm. 

1-80  mm. 

1-283  gr. 

13 

0-29 

3-18 

1-298 

50 

0-42 

3-18 

2-210 

9 

0-46 

3-18 

3-769 

5 

0-46 

5-18 

6-058 

20 

0-91 

5-94 

24-750 

1 

0-46 

6-94 

6-536 

30 

Spring  1 
Spring  2 
Spring  3 
Spring  4 
Spring  5 
Spring  6 
Spring  7 

The  relation  between  the  length  and  tension  was  obtained 
with  the  spring  hung  in  a  vertical  position,  the  lengths  being 
read  directly  from  a  mirror  scale. 

The  accurate  determination  of  the  frequency  was  the  most 
difficult  part  of  the  work,  but  very  consistent  results  were  finally 
obtained  by  the  use  of  a  chronograph.  The  time  was  furnished 
by  a  clock  with  a  seconds  pendulum,  which  was  arranged  to 
make  one  contact  every  complete  vibration.  These  two-second 
intervals  were  very  uniform,  and  a  comparison  with  the  Yale 

*Phn.  Mag.,  vol.  xlix.  f  Wied.  Ann.,  vol.  Ixviii. 
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Observatory  clock  showed  that  the  rate  of  the  clock  used  was 
entirely  negligible  for  the  purpose  in  hand. 

Figures  1,  2  and  3  show  the  arrangement  of  the  apparatus 
for  holding  the  spring  and  starting  the  vibrations.  Mx^,  fig.  1, 
is  the  base  about  40  inches  long  and  1 J  inches  thick.     On  the 

1 
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3 


^ h 

back  of  this  is  a  metre  scale,  from  which  the  lengths  of  the 
spring  were  read  directly.  One  end  of  the  spring  was  clamped 
to  the  fixed  block  B,  the  other  to  the  movable  block  A. 

It  was  found  quite  difficult  to  clamp  the  ends  of  the  springs 
in  any  manner  wnich  did  not  have  an  appreciable  eflfect  on  the 
frequency.  The  method  finally  adopted  is  shown  in  fig.  2.  The 
last  turn  of  the  spring  was  drawn  close  up  to  the  block  by  means 
of  two  fine  wires  fastened  at  c  and  c?,  which  are  the  extremities 
of  its  horizontal  diameter.  These  two  wires  were  then  clamped 
between  the  blocks  E  and  F,  and  held  the  spring  very  firmly, 
yet  with  very  little  constraint. 

A  fine  wire  fastened  to  the  center  of  the  spring  made  con- 
tact with  a  mercury  cup  at  each  vibration.  The  chronograph 
was  adjusted  delicately  enough  to  record  signals  with  frequency 
as  higll  as  thirty-five  per  second. 

In  order  to  have  uniformity  in  the  amplitude  of  the  vibra- 
tions, it  was  found  convenient  to  use  an  apparatus  of  which 
fig.  3  is  a  diagrammatical  sketch,  t^  5  is  a  wooden  arm  about  9 
inches  long  pivoted  at  a;  rf  is  a  stop  which  can  be  adjusted  so 
that  the  end  h  will  start  the  spring  vibrating  with  the  desired 
amplitude ;  the  spring  c  is  strong  enough  to  release  the  spring 
without  interfering  with  its  vibration. 

Observations  and  Calculations, 

The  method  of  making  the  observations  in  the  case  of  springs 
1,  2  and  6  was  as  follows : — The  relation  between  the  length 
and  tension  was  determined,  the  tension  being  first  increased 
from  zero  until  the  increase  in  length  was  no  longer  propor- 
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tional  to  the  increase  in  tension,  and  then  being  decreased  to 
zero  a^in.  Immediately  after  this  the  relation  between  the 
length  and  frequency  was  determined,  starting  with  as  short  a 
length  as  possible  and  increasing  it  up  to  the  maximum  length 
obtained  above  and  then  decreasing  it  again  as  far  as  possible. 
The  relation  between  the  length  and  tension  was  then  again 
obtained  as  in  the  first  place.  A  complete  set  of  observations 
for  spring  1  is  given  in  Table  II. 


Table  II. 

T. 

OntL. 

TnL. 

L. 

Outn. 

In  n. 

T. 

OutL. 

InL. 

0 

9-32 

9-33 

10 

14-80 

14-69 

0 

9-34 

934 

10 

1002 

10-08 

11 

18-16 

18-01 

10 

10-07 

10-10 

20 

11-40 

11-48 

12 

20-43 

20-31 

20 

11-46 

11-49 

30 

12-81 

12-90 

13 

22-13 

22-04 

30 

12-88 

12-94 

40 

14-23 

14-32 

14 

23  45 

23-41 

40 

14-28 

14-36 

60 

15-68 

15-76 

15 

24-62 

24-50 

60 

15-73 

15-80 

60 

17-13 

17-18 

16 

25-49 

25-47 

60 

17-16 

17-21 

70 

18-60 

17 
18 

26-26 
26  93 

26-22 

70 

18-64 

• 

Here  T  is  the  tension  measured  in  grams,  L  is  the  length 
measured  in  cm.,  and  7i  is  the  number  of  vibration  per  second. 
"  Out "  means  increasing,  and  ''  In "  decreasing  tension  or 
length. 

The  first  set  of  values  between  length  and  tension  was  pre- 
liminary, taken  to  find  the  point  at  which  the  relation  between 
the  length  and  tension  ceased  to  be  linear.  This  stretching  of 
the  spring  also  served  to  remove  certain  very  slight  irregulari- 
ties, as  was  evident  when  several  length-tension  sets  were  taken 
in  succession,  in  which  case  the  behavior  of  the  spring  was 
practically  the  same  in  all  sets  except  the  first.  Therefore  in 
making  the  plots  and  calculations  the  mean  of  the  length-fre- 
quency and  final  length-tension  sets  were  used,  and  in  general 
only  these  values  have  been  recorded  in  the  ta])les. 

Table  III  gives  the  mean  values  of  L  and  n  from  Table  II, 
also  the  calculated  values  of  n  and  the  difference  between  the 
observed  and  calculated  values. 


Table  III.    (Spring  1 

.) 

T. 

L. 

L. 

Observed  n. 

Calculated  n. 

Difference 

0 

9-34 

10 

14-74 

15-08 

—  0-34 

10 

10-09 

11 

18-08 

18-16 

—  0-08 

20 

11-47 

12 

20-37 

20-37 

0-00 

30 

12-91 

13 

22-08 

22-06 

-f  0-02 

40 

14-32 

14 

23-43 

23-41 

-f  0.02 

50 

15-76 

15 

24-56 

24-52 

i-  0-04 

60 

17-19 

16 

25-48 

25-45 

-f-  0-03 

70 

16-64 

17 

26-24 

26-24 

0-00 

18 

26-93 

26-92 

+  001 
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Figure  4  gives  the  length-tension  and  length-frequency  curves 
plotted  from  the  values  given  in  Table  III.  The  full  and 
dotted  lines  represent  respectively  the  observed  and  calculated 
curves ;  the  observed  points  are  surrounded  by  circles,  and  the 
calculated  points  are  indicated  by  crosses.  In  case  the  observed 
and  calculated  curves  agree  too  closely  to  show  both,  the  calcu- 
lated curve  will  be  given,  and  the  observed  points  indicated  by 
circles. 


/« 


// 
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It  is  evident  from  the  plot  that  the  relation  between  the 
length  and  tension  is  practically  linear  through  nearly  the 
entire  range  used.  This  relation  is  most  simply  expressed  by 
the  equation 

(1)  T  =  mL  +  a; 

where  7n  is  the  slope  of  the  line,  and  x  is  the  point  at  which,  if 
continued,  it  would  intersect  the  T  axis. 

In  order  to  find  the  relation  between  length  and  frequency, 
it  seemed  most  natural  to  take  the  usual  expression  for  a 
vibrating  string,  which  for  the  present  purpose  is  most  con- 
veniently written  in  the  form 
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(2)  n^zi^XjL 

where  M  is  the  total  mass  of  the  spring.  If  T  is  now  elimi- 
nated between  (1)  and  (2)  the  relation  between  L  and  n  takes  the 
form 


(3)  ^=^1,/^^  +  ^    _?_ 


The  values  of  n  ealcalated  by  this  formula  differed  consider- 
ably from  the  observed  values,  as  might  have  been  expected, 
for  in  the  first  place  the  values  used  for  T  entirely  ignored  the 
weight  of  the  spring  and  were  therefore  always  too  small,  and 
in  the  second  place  the  length  of  the  spring  was  taken  as  the 
distance  between  the  two  blocks  A  and  B  (fig.  1),  which  was 
evidently  somewhat  greater  than  the  true  vibrating  length* 
In  order  to  avoid  these  two  difficulties,  another  constant  was 
added  to  equation  (3).  Two  equations  similar  to  (3),  but  with 
this  added  constant,  were  then  used  to  solve  for  the  unknown 
quantities  a?*  and  y. 

Solving  for  y  and  x^  gives 

,5)  N,-N,  +  K,-K. 

(6)  a:'  =  ^(K.  +4Vy-N,) 

where  N,  =  ^f  L, ;  N,  =  -J^L. ;  K,  =  •4«,'  L, ;  K,  =  4,</  L. . 

The  value  of  m  is  always  taken  as  the  slope  of  the  straight 
part  of  the  length-tension  curve;  L„  n„  L,  and  n^  are  corre- 
sponding values  of  L  and  7i  taken  from  tiie  length-frequency 
curve.    The  values  of  the  constants  for  spring  1  are  as  follows : 

M  =    1-2834  m  =    7-00 

L,=  12  w,  =  20-37 

L,=  17  71,  =  26-24 

Substituting  these  values  in  (6)  and  (6)  gives 

y  =  —  0-1714 
aj*  =  —58-29 
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and  putting  these  values  in  (4)  gives  the  equation  in  its  final 
form 


(7)  n  =  i4/^^_-8*328    ,7-00X980 

^    L— 0-1714         1-2834 

The  values  of  ?i  calculated  by  this  formula  are  given  in  Table 
III  and  are  plotted  in  lig.  4. 

The  results  obtained  with  springs  2  and  6  were  so  similar  to 
those  obtained  with  1  that  it  is  unnecessary  to  give  them  here. 

In  order  to  study  the  behavior  of  a  spring  l)eyoud  the  point 
where  the  length  and  tension  were  linearly  related,  it  was 
necessary  to  modify  the  method  of  making  the  observations. 
The  series  with  decreasing  lengths  was  in  all  cases  omitted, 
and  several  hours  were  left  between  successive  sets  of  observa- 
tions, so  that  the  spring  might  recover  as  far  as  possible  its 
original  condition.  Table  IV  and  fig.  5  give  the  results  for 
spring  3  obtained  in  this  w^ay. 


Table  IV.     (Spring  8.) 

T. 

L. 

L. 

Observed  n. 

Calculated  n. 

Differences. 

0 

7-74 

8 

12-45 

13-05 

—  0-60 

10 

802 

9 

16-89 

17-09 

—  0-20 

20 

9-51 

10 

19-71 

19-71 

—  0-00 

30 

10*41 

11 

21-62 

21-61 

+  0-01 

40 

11-30 

12 

23-05 

23-06 

—0-01 

50 

12-20 

13 

24-21 

24-22 

—001 

60 

13-10 

14 

25-15 

25-16 

—  0-01 

70 

14-00 

15 

25-96 

25-95 

+  0-01 

80 

14-91 

16 

26-62 

26-62 

—0-00 

90 

15.84 

17 

27-16 

27-19 

—0-03 

100 

16-75 

18 

27-64 

27-69 

—  0-05 

110 

17-69 

19 

28-07 

28-13 

-0  06 

120 

18-62 

20 

28-41 

28-52 

-0-11 

130 

19-59 

21 

28-73 

28-87 

—  0-14 

140 

20-50 

22 

28-98 

29-18 

-0-20 

150 

21-45 

23 

39-19 

29-46 

—0-27 

24 

29-30 

29-71 

-0-41 

Data  used  in 

the  calculations  for  spring 

3: 

M 

=      2-210 

ni 

=       11-04 

L, 

=     10 

^\ 

=       19-71 

V 

=     16 

=  -0-333 

=       26-62 
=  -76-55 

In  fig.  5  it  is  seen  that  the  diflFerence  between  the  observed 
and  calculated  values  of  n  becomes  greater  the  further  the 
length-tension  curve  departs  from  a  straight  line.  This  is  lUst 
what  would  be  expected,  if  springs  obey  the  same  law  as  viora- 
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ting  strings,  in  fact  the  equation  requires  that  the  percentage 
dinerence  between  the  observed  and  calculated  values  of  the 
frequency  for  a  given  length  shall  be  twice  the  percentage  dif- 
ference between  the  observed  and  calculated  values  of  the 
tension  for  the  same  length.  If  careful  measurements  are  made 
on  the  plot,  this  will  be  found  to  be  approximately  true. 

It  is  also  seen  in  tig.  5  that  w  is  apparently  approaching  a 
maximum  value.  This  fact  made  it  seem  desirable  to  carry  the 
curves  considerably  further  beyond  the  point  where  the  length 
and  tension  are  linearly  related.     Since  for  this  case  only  a 


30 


24 


/•     o      7j     n     75     Ts    /#     n     1%     /3     ^e  '21     ti    Tt     24 


single  set  of  observ^ations  could  l)e  made  with  one  s])ring,  on 
account  of  the  permanent  distortion  i)ro(hiced,  the  most  prac- 
ticable method  seemed  to  be  to  make  two  springs  a^  nearly 
alike  as  possible.  This  was  accomplished  quite  satisfactorily  by 
cutting  into  two  parts  a  very  uniform  spring  and  then  adjust- 
ing the  two  parts  until  they  had  as  nearly  as  possible  the  same 
mass,  length  and  rate  of  extension. 

Springs  4  and  5  were  treated  in  this  way,  but  the  results  were 
go  similar  that  only  those  for  4  will  be  given.  Table  V  shows 
how  similar  were  the  two  parts  into  which  spring  4  was  made. 

Am.  Jour.  Soi. — Fourth  Series,  Vol.  XVIII,  No.  103.— July,  1904. 
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Table  V. 

T. 

— 4a  L 

46.- 

^ 

0 

12-18 

12-18 

20 

13-63 

13-63 

40 

15-10 

15-08 

60 

16-56 

16-55 

80 

18  03 

18-03 

100 

1953 

Mass  of  4a  =  3- 
"      4b  =  8 

769 
783 

19-51 

Springs  4a  and  4i  are  certainly  similar  enough  for  the  pur- 
poses of  this  investigation.  The  relation  between  the  length 
and  tension  was  determined  with  4h  and  the  relation  between 
the  length  and  frequency  with  4a,  Table  VI  and  fig.  t>  give 
these  results. 


Table  VI. 

, Spring 

46 . 

t — 

-Spring  4a 

T. 

L. 

L. 

Observed 

n.     Calculated 

n.      Difference. 

0 

12-18 

13 

9-82 

10-21 

—  0-39 

20 

13-63 

14 

12-56 

12*72 

—  0-16 

40 

15-08 

15 

14-45 

14-55 

—  1-10 

60 

16-55 

16 

15*92 

15-96 

—0-04 

80 

18-03 

17 

17-11 

17-11 

0  00 

100 

19-51 

18 

18-09 

18-07 

+  0-02 

120 

21-00 

19 

18*91 

18-88 

+  0-03 

140 

22-50 

20 

19-61 

19*58 

+  0-03 

160 

2400 

22 

20-75 

20-72 

+  0-03 

180 

25-51 

24 

21-63 

21-63 

0-00 

200 

27-05 

26 

22-31 

22-36 

—0-05 

2-20 

28-66 

28 

22*85 

22*98 

-0-13 

240 

30-23 

30 

23-26 

23-48 

—  0-22 

260 

32-03 

32 

23-58 

23-92 

—  0-34 

280 

33-90 

34 

23*81 

24-30 

-0*49 

300 

35-90 

36 

23-88 

24-63 

—  0-76 

320 

38-38 

38 

24-02 

24-92 

—  0-90 

340 

40-83 

40 

24-02 

25-18 

—  1-16 

360 

43-80 

42 

24*01 

25-42 

-1-41 

380 

46-60 

44 

23-88 

25-63 

—  1-75 

400 

50-00 

46 

23-76 

25-81 

—  2-06 

• 

48 

23-60 

25-99 

—  2-39 

50 

23-44 

2614 

—  2-70 

Data  used  in  the  calculations  for  spring  4m  : 

M 

—        3-709 

in    = 

13-50 

L, 

=      17 

71,     = 

17-11 

1^. 

V 

=     24 

=  —  0-596 

n^   = 

21*63 
155-6 
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?he  length-frequency  curve  for  spring  4a  differs  from  the 
crs  thus  far  studied  in  that  the  frequency  has  passed  beyond 

maximum  point.  If  the  frequency  of  the  vibrations  of  the 
ings,  when  stretched  beyond  the  elastic  limit,  obeys  the  same 

as  before,  then  along  the  flat  maximum  of  the  curve  where 

6 


j^ 
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3  nearly  constant,  the  ratio  of  T  to  L  onglit  also  to  be  nearly 
istant.  *  An  examination  of  fiijj.  6  gives  the  following  values 

T 

n  and  y  f^r  ^  ^^^  values  of  L  along  this  part  of  the  curve. 


L. 

34 

36 

38 

40 

42 

44 


Table  VII. 
From  Fig.  6. 

23-81 
23-88 
2402 
24-02 
24-01 
23-88 


L 
8-26 
8-36 
8-34 
8-32 
8-29 
8-22 
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The  above  table  makes  it  seem  very  probable  that  the  fre- 
quency of  vibration  of  a  spring  would  be  approximately  con- 
stant through  a  long  range  of  lengths,  if  it  could  be  so  made 

T 
that      would  be  constant  along  the  linear  part  of  the  length- 
tension  curve,  or  in  other  words  if  x  in  the  equation  T=?/i  L-f-a? 
could  be  made  zero.    Spring  7  was  made  witli  this  end  in  view. 
It  differed  from  all  the  other  springs  made  by  having  its  turns 


a        14        fc        «•       j«       aa      24       i#      24       J*       n 


UU 


wound  60  tightly  together  that  they  did  not  become  entirely 
separated  until  loaded  with  about  30  grams.  The  winding  of 
this  spring  was  more  difficult  than  that  of  the  others,  and  it  was 
not  nearly  so  uniform,  but  its  frequency  was  very  constant, 
differing  only  by  one-twentieth  of  a  vibration  per  second  when 
its  length  was  increased  from  16  cm.  to  32  cm. 

The  results  for  spring  7  are  given  in  Table  VIII,  and  the 
values  are  plotted  in  fig.  7. 
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(Spring  7.) 


Tabt.k  VIII. 

T  +  x 

T. 

L. 

L. 

0 

8-43 

5 

8-69 

10 

9-37 

15 

10-63 

20 

12-31 

25 

14-22 

1-990 

30 

16-42 

2-028 

35 

18-80 

2037 

40 

21  23 

2-040 

45 

28-66 

2-041 

50 

26-09 

2-043 

55 

28-51 

2-045 

60 

30-90 

2-048 

L. 

n. 

10 

9-32 

11 

9-18 

12 

9-01 

13 

8-86 

14 

8-84 

15 

8-81 

16 

8-79 

18 

8-78 

20 

8-77 

22 

8-78 

24 

8-77 

26 

8-76 

28 

8-T8 

30 

8-76 

32 

8-76 

In  calculating  the  ratio  of  T  to  L,  a  small  correction  x  equal 
to  about  one  half  the  weight  of  the  spring  was  added  to  T.  As 
was  expected,  the  frequency  was  very  constant  through  the  same 

range  that  — =r—  was  constant. 

1^ 

Sufficient  evidence,  I  think,  has  been  furnished  to  show  that 

vibrating  helical  springs  obey  the  same  law  as  vibrating  strings 

through  a  considerable  range  of  length  and  tension.     It  would 

seem  of  interest  now  to  examine  the  behavior  of  india-rubber 

cords  under  conditions  as  similar  as  possible  to  those  experienced 

by  the  springs  and  to  compare  their  behavior.     For  this  pur- 


c 


pose  two  samples  of  as  pure  rubber  as  could  be  obtained  were 
used ;  one  a  rubber  tube  of  about  4-68  mm.  external  and  3-06 
mm.  internal  diameter,  the  other  a  rubber  cord  of  square  cross 
section,  1-16  mm.  on  a  side. 

The  observations  were  taken  in  the  same  wav  as  in  the  case 
of  the  springs,  except  that  a  slight  modification  had  to  be  made 
in  order  to  get  electrical  connection.  In  the  case  of  the  rubber 
tube  a  U-fihaped  piece  of  wire  w^as  hung  on  its  center  and  held 
fast  with  rubber  cement.  The  vibrations  of  the  tube  caused 
the  two  ends  of  the  wire  to  dip  into  two  mercury  cups.    In  the 
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case  of  the  rubber  cord  the  contact  was  made  by  a  very 
wire  bent  as  shown  in  fig.  8. 

The  end  a  was  firmly  fastened.  The  point  c  was  fastc 
with  rubber  cement  to  the  rubber  cord,  the  vibration  of  wl 
caused  the  point  d  to  dip  into  a  mercury  cup.  The  sprii 
was  used  to  increase  the  flexibility  of  the  wire  until  it 
practically  no  period  of  vibration  of  its  own.  While  there 
some  objections  to  this  method  of  making  the  contact, 
weight  of  the  wire  was  so  small  and  the  adjustments  made  > 
such  care,  that  the  results  are  sufficiently  satisfactory  for  c 
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parison  with  those  of  the  springs.  In  all  cases  with  the  ml 
the  successive  observations  were  made  as  rapidly  as  possi 
in  order  that  time  effects  might  be  reduced  to  a  minim 
Between  the  length-frequency  observations  and  the  leuj 
tension  observations  time  was  allowed  to  elapse  until  the  i 
ber  practically  recovered  its  original  length. 

The  tube  and  the  cord  gave  very  similar  results;  those 
the  cord  are  given  in  Table  IX  and"  fig.  9. 


f 
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Table  IX. 

(Bubbercord.) 

L. 

n. 

T. 

OntL. 

InL. 

34 

12-60 

0 

16-20 

17-6 

35 

15-18 

20 

18-74 

21-3 

36 

17-25 

40 

22-62 

27-0 

37 

18-78 

60 

28-7 

35-4 

38 

19-95 

80 

360 

46.0 

39 

20-98 

100 

44-9 

58-8 

40 

21-83 

120 

52-4 

71-8 

42 

23-23 

140 

59-0 

80-4 

44 

24-15 

160 

65-2 

85-1 

46 

24-88 

180 

70-5 

87-4 

50 

25-80 

200 

75-6 

89-1 

54 

26-35 

220 

80-3 

90-9 

58 

26-73 

240 

84-9 

92-0 

65 

2700 

260 

88-0 

92-9 

75 

27-28 

280 

91-0 

93-6 

85 

27-60 

300 

93-8 

95 

27-90 

105 

28-25 

115 

28-38 

Tlie  similarity  of  the  curves  obtained  witli  the  rubber  cord 
and  those  obtained  with  the  spring  is  very  noticeable.  This  is 
especially  true  for  the  first  part  of  the  length-tension  curves  in 
figs.  7  and  9,  which  would  seem  to  indicate  that  the  rubber  is 
in  a  state  of  internal  stress,  even  wlien  there  is  no  external  ten- 
sion, which  was  certainly  true  in  the  case  of  spring  7.  Fig.  9 
also  shows  what  a  very  important  effect  the  previous  condition 
of  the  rubber  has  upon  the  relation  between  the  length  and 
tension.  The  condition  of  the  rubber  is  also  to  a  considerable 
degree  dependent  upon  time  and  temperature,  which  explains 
why  it  is  so  difficult  to  make  satisfactory  measurements  with  it. 

Although  there  are  some  irregularities  in  the  curves  given, 
especially  those  for  the  rubber,  and  for  the  springs  when  the 
tension  was  so  small  that  the  effect  of  the  restmint  of  the  ends 
was  considerable,  yet  the  following  conclusions  seem  to  be 
justified : 

1.  In  the  study  of  the  transverse  vibrations  of  helical 
springs  and  india-rubber  cords  one  radical  difference  is  noticed 
l>etween  them  and  ordinary  strine^s,  namely  the  fact  that  their 
length  varies  greatly  with  the  tension  instead  of  remaining 
very  approximately  constant. 

2.  W  hile  the  frequency  of  the  vibrations  of  the  springs  and 
rubber  cord  is  expressed  by  the  formula  usually  employed  in 
the  case  of  ordinary  strings,  yet  the  results  obtained  are  very 
different  on  account  of  the  great  variations  of  the  length  with 
the  tension. 
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3.  The  approximate  constancy  in  pitch  for  a  considerable 
change  in  length,  which  has  be<3n  so  often  noticed  with  india- 
rubber  cords,  IS  also  observed  in  a  still  more  marked  degree  in 
the  case  of  helical  springs. 

4.  This  approximate  constancy  of  pitch  for  a  considerable 
change  in  the  length  of  both  the  rubber  cords  and  the  springs 
is  due  to  the  fact  that  during  the  change,  the  length  and  ten- 
sion have  remained  nearly  proportional. 

In  conclusion  I  desire  to  express  my  thanks  to  Professor 
A.  W.  Wright  for  suggesting  the  subject  and  furnishing  the 
apparatus  and  assistance  necessary  in  carrying  on  the  inves- 
tigation. I  wish  also  to  thank  Mr.  O.  C.  Lester  for  his  assis- 
tance in  performing  the  experimental  work. 

Sloane  Physical  Laboratory, 
Yale  University,  May  1,  1904. 
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Abt.  XI. — A  new  Type  of  Calotte  from  the  Joplin  Mining 

Distrwt;  by  Douglas  B.  Sterrett. 

During  the  past  spring  an  interesting  type  of  ealcite  crystals 
has  been  added  to  those  already  produced  "by  the  prolific  Joplin 
region.  The  crystals  are  all  twins  and  show  a  uniformity  of  a 
development  unusual  for  the  species.  They  were  obtained 
from  a  small  cave  discovered  in  the  Mavbell  Mine  at  North 
Empire,  Kansas.  According  to  Mr.  W.  L.  Bachtell,  who  has 
had  charge  of  the  removal  of  the  crystals,  the  cave  was  opened 
at  a  depth  of  135  feet  while  blasting  in  the  chert.  It  was  50 
feet  long,  4  to  8  feet  high  and  t)  to  12  feet  wide.  Specimens 
were  sent  by  Mr.  Bachtell  to  Prof.  E.  S.  Dana  at  New  Haven, 
and  it  is  at  his  suggestion  that  this  brief  study  of  their  forms  and 
development  has  been  undertaken.  These  specimens,  with  others 
loaned  to  the  writer  by  Mr.  George  L.  English  of  New  York, 
and  one  from  the  Brush  collection,  were  used  in  the  preparation 
of  this  article.  Mr.  English  described  this  new  occurrence  in  a 
lecture  before  the  New  York  Mineralogical  chibon  March  15th. 
Since  his  lecture  was  not  published,  it  has  been  deemed  advis- 
able to  give  a  brief  description  of  the  occurrence  and  of  some 
characteristic  specimens. 

Most  of  the  crystals  are  very  large.  Mr.  English  states  that 
according  to  the  information  that  has  come  to  him,  prob- 
ably less  than  two  hundred  were  obtained  from  the  cave,  and 
only  some  dozen  or  so  were  of  a  .size  suitable  for  cabinet 
drawer  specimens.  One  of  the  larger  crystals,  now  in  the 
Yale  College  collection,  measures  8i)*5*^™  ah^ng  the  reentrant 
angle,  19*^'°  in  thickness  and  3(>'"'  high,  according  to  the  orien- 
tation chosen  in  fig.  1.  This  crystal  weighs  02  pounds  and  is 
very  well  developed  for  one  of  such  size.  Probably  the  small- 
est is  the  one  shown  in  tig.  2,  which  is  only  4*7*^"'  in  greatest 
length.  One  remarkable  feature  which  most  of  these  crystals 
possess  is  a  delicate  amethystine  or  lilac  color,  much  resembling 
that  of  the  pale-colored  kunzite.  The  color  is  not  uniformly 
distributed  through  the  crystals,  but  is  confined  chiefly  to  the 
outer  parts  and  appears  to  lie  in  a  plane  parallel  to  the  crystal 
faces,  especially  the  e  face.  Owing  to  their  form  and  great 
beauty  of  color,  they  are  called  the  "amethystine  twin  calcites." 

The  crystals  are  twiimed  on  the  e  face  (Oll2),  according  to  a 
very  common  law  for  ealcite.  In  representing  them,  drawings 
were  made  with  the  twinning  plane  vertical  (as  in  figs  1  and  2), 
also  with  the  lower  crystal  in  normal  position  for  a  positive 
form  while  the  upper  negative  crystal  was  tilted  back  into 
twin  position  (as  in  figs.  3,  4  and  5).    Measurements  were  made 
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OD  Bouie  of  tlie  Eiiialler  crystals,  the  quality  of  whicb  allowed 
very  satisfactory  detenu  inations  of  the  following  forms : 

r     (lOll)  /■  {205l)  t     (2134) 

Jtf  (40411  '/  (4(145)  ^(6178) 

m  (lOlO)  e  (I0l2) 

The  I  face  on  most  of  the  crystals  is  so  etched  as  to  be  difficnlt 
to  measure.  On  one  small  crystal,  however,  it  gave  fairly 
good  retlections  and  an  average  value  was  obtained  of  7n/^l= 
61"  56';  theory  51" +3'.  The  C  faces  appeared  to  be  only 
vicinal  growths  on  ;■,  but  when  measured  ^ave  j?ood  reflections 
and  an  average  value  of  Ca?"=8°  44^' ;  tlieory  8°  4fi', 


Fig.  1  representB  a  quite  symmetrically  developed  crystal 
belonging  to  the  Yale  (college  collection.  It  was  found  that 
a  drawing,  made  in  cHnographic  projection  witli  the  twinniug 
plane  vertical,  gave  little  idea  as  to  the  length  along  the  twin- 
ning plane ;  so  orthographic  projections  were  also  niade 
to  accompany  tigs.  1  and  2.     Fig.  2  shows  the  development  of 
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a  small  crystal  loaned  by  Mr.  English.  It  might  be  consid- 
ered as  made  up  of  two  separate  mdividaals  grown  togetlier 
in  twin  position.  On  each  the  zone  r,  t  and  e  appears  three 
times.     There  was  a  very  small  development  of  the  faces  of 

the  zone  r,  J/,  m and  e  in  their  proper  positions,  though 

these  are  not  shown  in  the  figure.     Fig.  3  represents  an  ideal 


development  of  a  crystal  which  is  given  in  its  natural  distor- 
tion in  fig.  4.  The  C  faces  were  not  drawn  in  iig.  3,  since 
they  occur  only  on  one  of  the  twins.  As  shown  in  fig.  4,  they 
form  an  intersection  with  the  twinning  plane  ^,  which  extends 
above  the  line  of  intersection  of  the  twin  crystals.  This  crys- 
tal is  apparently  terminated  below  by  natural  ;•  faces  parallel 
to  those  above  and  forming  an  obtuse  angle.  In  most  of  the 
crystals  a  natural  termination  fails,  and  its  place  is  occupied 
by  cleavage  planes  developed  when  the  crystals  were  detached 
from  the  rock.     On  some  crystals  the  e  face  is  wanting,  in 


o 


which  caseZ  has  a  larger  development,  as  shown  in  fig.  6.  This 
represents  a  large  specimen  in  the  Brush  collection  on  which 
the  C  faces  appear  again  only  on  one  of  the  crystals.  In  this 
case  they  form  no  intei*section  with  the  twinning  plane,  as  in 
fig.  4,  but  together  with  r  of  the  upper  crystal  overlap  the 
lower  one,  meeting  the  r  of  the  latter  beyond  the  twinning 
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plane.  The  occurrence  of  C  on  only  one  individual  of  a  t 
was  observed  on  four  specimens,  while  on  the  large  cry 
described  above,  C  occurred  on  both. 

The  crystals  show  a  tendency  toward  a  prismatic  deve 
ment  parallel  to  the  e  faces.  This  was  further  marked  by 
or  negative  crystals  of  prismatic  form  observed  on  the  e  ft 
of  one  crystal.  The  faces  of  the  negative  crystal  were  pa 
lei  to  the  unit  rhomboliedrons,  and  therefore  rhombohe< 
themselves.  One  crystal,  probably  from  another  opening 
the  same  mine,  showed  the  same  method  of  twinning,  thoi 
this  fact  was  nearly  concealed  by  the  development  of  v 
large  v  faces  nearly  covering  the  reentrant  angle  of  the  tw 

The  development  of  a  twin  crystal  similar  to  those  descri 
above  was  observed  on  a  single  specimen  of  golden  cal 
from  the  JopHn  region  about  two  years  ago  by  Mr.  Engl 

6 


At  his  request,  a  drawing  of  it  was  prepared  by  Mr.  H. 
Whitlock ;    Mr.  English  iias  kindly  allowed  a  copy  of 
figure  to  be  inserted  here  for  comparison.     The  letters  rej 
sent  forms  found  in  Dana's  System  of  Mineralogy.     Whet 
other  crystals  were  found  and  what  was  the  exact  locality 
this  could  not  be  learned. 

In  conclusion,  acknowledgment  is  made  to  Mr.  English 

fenerously  supplying  material  for  examination,  and  to  Fi 
1.  S.  Dana  and  Dr.  W.  E.  Ford  for  assistance  in  the  prepj 
tion  of  this  paper. 

Sheffield  Laboratory  of  Mineralogy, 

Yale  University,  New  Haven. 
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Aet.  XII.  —  Radium  and  the  Electron    Theory ;   by  John 

Trowbridge  and  William  Rollins. 

The  mechanism  of  electric  conduction  through  metals  con- 
tinues to  be  one  of  the  greatest  mysteries  of  electricity ;  and 
there  is  no  plausible  explanation  of  it  unless  we  accept  the 
theory  of  electrons.  This  theory,  as  is  well  known,  supposes 
the  existence  of  small  bodies  called  electrons,  which  move 
between  the  molecules  of  the  metals  during  the  passage  of  an 
electric  current.     It  has  been  much  developed  by  Drude.* 

The  theory  seems  to  bring  the  electrical  conduction  in  metals 
into  close  touch  with  conduction  in  gases ;  for  in  both  cases 
we  suppose  a  movement  of  small  particles.  These  particles 
have  a  greater  free-path  in  rariiied  gases  than  they  have 
between  the  molecules  of  a  metal ,  and  their  action  is  much 
moditied  by  the  X-rays.  This  modification  is  usually  attributed 
to  a  species  of  ionization  due  to  a  physical  connection 
between  the  energy  emitted  by  the  X-rays  and  the  trans- 
formation of  energy  witnessed  in  the  rarified  gas.  A  Geissler 
tube,  for  instance,  which  will  not  permit  the  passage  of  an 
electric  current,  when  the  degree  of  exhaustion  is  beyond 
the  point  of  breaking  down  with  the  electromotive  force 
employed,  is  made  conducting  when  the  X-rays  fall  upon  it. 

We  mention  this  fact  in  order  to  give  a  significance  to  our 
experiments  with  radium.  This  remarkable  substance,  also,  in 
common  with  the  X-rays  can  affect  by  what  we  call  ionization, 
the  conduction  of  electricity  throiio^li  frases.  The  X-ravs  and 
certain  emanations  of  radium  can  also  pass  through  thin  sheets 
of  metal,  especially  sheets  of  aluminium.  We  are,  therefore, 
for  the  first  time  in  the  history  of  electricity,  in  a  condition  to 
test  the  question,  whether  radiant  energy  cxliil)iting  light  and 
passing  through  a  metal  can  affect  the  ]>assage  of  a  current  of 
electricity. 

In  this  connection  one  is  immediately  reminded  of  Faraday's 
attempt  to  discover  whether  ordinary  light  is  modified  in  pass- 
ing through  an  electrolyte  which  is  sul)mitted  to  the  action  of 
a  current  of  electricity.  He  thoui^ht  that  there  miijht  be  a 
state  of  tension  which  could  be  detected  by  polarized  light ; 
and  he  therefore  passed  a  beam  of  polarized  light  in  the  direc- 
tion of  the  current  and  also  at  right  angles  to  this  direction. 
The  result  of  the  experiment  was  negatiye ;  absolutely  no 
effect  was  observed.  Faraday's  custom  of  publishing  both 
positive  and  negative  results  has  its  advantages,  especially  in 
the  early  days  oi  a  science ;  and  particularly  when  it  shows  us 

♦Ann.  derPhysik.,  No.  1,  1900. 
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the  working  of  a  great  mind  groping  in  a  region  not  yet  sub- 
mitted to  calculation.  Lesser  minds  umst,  however,  use  caution 
in  publishing  negative  results ;  for  due  regard  must  be  had  for 
brevity  of  pubKcation  and  the  limits  of  exi^erimentation. 

Can  we  not,  however,  imagine  Faraday  continuing  his  efforts 
to  discover  some  connection  between  the  passage  of  light 
through  an  electrolyte  or  a  conductor  and  the  passage  of  a  cur- 
rent of  electricity,  if  he  could  penetrate  such  a  conductor  by 
light.  In  other  words,  might  he  not  have  been  tempted,  if  he 
had  had  command  of  the  X-rays  or  radium,  to  discover  some 
action  of  the  energy  emitted  by  the  new  and  wonderful  man- 
ifestations on  a  current?  Apart,  however,  from  such  a  view  of 
the  working  of  the  great  physicist's  mind,  can  we  not  get  a  foot- 
hold in  mounting  to  the  heiglits  of  the  electron  theory  by 
endeavoring  to  show  that  the  X-rays  or  the  emanations  from 
radium  do  or  do  not  have  a  discoverable  action  upon  the 
passage  of  an  electric  current,  through  aluminium  for  instance  ? 

It  must  be  premised  that  no  mass  is  ascribed  to  the  electron. 
Its  supposable  inertia  is  due  to  self-induction,  and  perhaps  it 
should  not  be  called  a  body.  On  this  conception  it  does  not 
seem  probable  that  particles  shot  off  from  radium,  or  ions 
resulting  from  the  radiation  of  X-rays,  could  influence  such 
immaterial  bodies.  Nevertheless  our  view  of  the  electron 
theory  might  be  influenced  by  proceeding  to  an  actual  test, 
and  by  looKing  at  the  results  and  limitations  of  possible  experi- 
ments.    We  therefore  experimented  as  follows : 

A  meter  of  aluminium  wire  No.  24  was  wound  in  five  turns 
around  a  thick  sheet  of  lead  which  was  eight  centimeters  in 
length  and  one  centimeter  in  width.  The  wire  was  wound 
around  the  longest  dimension  of  this  shuttle-like  piece  of 
metal,  and  was  insulated  from  it  by  thin  sheets  of  vulcanite. 
The  electric  current,  therefore,  passed  in  one  direction  along 
the  upper  layer  of  the  wire,  and  in  the  opposite  direction  along 
the  lower  layer.  The  lead,  intervening  between  the  upper  and 
lower  layer,  could  serve  to  confine  the  radiations  from  suitably 
placed  radium  either  to  the  upper  or  the  lower  layer  of  wire. 
The  lead  shuttle  wuth  its  layer  of  wire  was  enclosed  in  a  lead 
cylinder  and  a  specimen  of  pure  radium  bromide  was  enclosed 
at  one  end  of  the  layers  of  wire  so  that  its  emanations  could 
sweep  along  the  upper  or  the  lower  layer  of  this  wire.  A 
lead  diaphragm  could  be  used  to  shut  off  the  entire  effects  of 
the  radium  from  the  wires. 

The  wire  was  made  one  branch  of  a  Carey-Foster  bridge ;  a 
suitable  key  made  it  possible  to  reverse  the  current  through  the 
aluminium  wire,  and  after  adjustment  the  wire  was  exposed  to 
the  radiations  from  the  aluminium  under  the  varying  conditions 
of  reversals  of  current;  radiations  confined  to  the  lower  layer 
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and  afterwards  to  the  upper  layer.  The  bridge  was  competent 
to  detect  a  change  in  resistance  of  one  hnndredth-thousandth 
of  an  ohm.  On  account  of  the  difficulty  of  distinguishing 
between  a  heating  effect  and  what  may  be  called  an  electrody- 
namic  effect,  the  observations  occupied  a  comparatively  short 
interval  of  time.  No  instantaneous  effect  was  observed :  a 
very  slight  creeping  deviation  of  the  galvanometer  mirror 
came  after  a  considerable  -interval  of  time,  which  might  have 
been  due  to  change  of  temperature.  It  could  not  be  ascribed 
with  reason  to  the  presence  of  the  radium. 

The  light  from  tue  radium  could  be  seen  through  a  slab  of 
iron  an  inch  thick ;  yet  this  manifestation  of  energy  passed 
through  the  aluminium  without  any  apparent  effect  upon  the 
mechanism  of  the  electric  current.  Should  we  reason,  there- 
fore, from  this  negative  experiment  that  the  theory  of  the  im- 
material electron  is  supported,  or  that  a  theory  of  dissociative 
effect  on  gases  between  each  molecule  of  the  metallic  con- 
ductor under  the  effect  of  a  current  is  also  negatived  :  for  the 
radium  emanations,  like  the  X-rays,  can  produce  this  dissocia- 
tive effect  in  the  passage  of  electricity  through  gases  ? 

Mr.  McKay,  graduate  student  working  in  this  laboratory,  has 
endeavored  to  oetect  the  effect  of  the  X-rays  in  changing  the 
apparent  resistance  of  thin  films  of  metals.  The  effect,  if  it 
exists,  is  extremely  small.  He,  however,  is  still  continuing  his 
work  upon  this  subject. 

Jefferson  Physical  Laboratory, 
Harvard  University. 
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Abt.  XIII. —  Pseudomorpha  and  C^-ystal  Cavities;  by  J.  P, 
RowK. 

Some  of  the  Jineat  peeiidomorplis  and  crvBta!  cavities  tlie 
writer  lias  ever  seen  eanic  tu  Iiis  notice  recently  from  spcctniens 
collected  near  Slioslioiie,  Idnlio.  The  material  was  collected  and 
sent  to  the  Univorsity  of  Montana  by  Uev.  T.  L.  I^wis.  The 
natural  mineral  is  mrite,  imbedded  crj'stals;  liie  peendo- 
morph,  Hmonite;  and  the  matrix,  a  fairly  pure,  light  colored, 
qtiartzite. 

Specimens  were  f(mnd  showing  the  unaltered  pyrite  cubes 
below  imbedded  in  pure  bomogcneous  (jnartzite,  tlie  psendo- 
morphs  of  limonitu  above  in  tlie  same  material,  and  Rtill  higher 
the  beautiful  and  ]jorfeet  cuvities,  where  the  pseudomorphs  had 
been  difisolvecl  out  by  tlie  action,  probably,  of  meteori(r  water. 
Almost  all  of  tliese  cavities  show  tlie  delicate  striations  of  the 
pyrite  cubes.  The  matrix  is  literally  filled  with  these  cavities 
and  presents  a  regular  boneyconibed  appearance.  The  size  of 
the  cavities  ranj^e  from  '15  of  a  centimeter  in  diameter  to  25 
centimeters,  Ilowcver,  but  few  if  any  of  the  cavities  are  per- 
fect cubes.  One  of  the  most  interesting  things  alioiit  these  upeci- 
mens  is,  that  the  distance  from  the  |>yrite  crystals  to  the  crystal 
cavities,  i.  e.  including  the  pseudomorpb  "limonitc,  in  many 
instances,  is  not  more  than  five  centimeters.  In  fact,  in  many 
cases  the  pseudomorphs  are  not  more  than  1-5  to  2  centimeters 
from  the  pyrite  crystals. 


Taking  it  all  in  all  the  specimens  are  very  Iwautiful.  They 
show  the  transition  of  the  pyrite  to  tlie  limonite  as  do  bat  very 
few  specimens.  They  also  show  that  Hmonite  ie  easily  soluble 
in  certain  kinds  of  water.  Tbey  still  sbow  bow  these  cavities 
might  be  refilled  with  tjuartz  or  calcite  or  some  other  mineral 
from  solution  and  again  give  false  forms,  not  true  pseudomorphs 
as  in  the  first  instance,  hut  so  to  all  apjvearances. 

UniTereit;  of  Montana,  Missoala,  April  29,  1904. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

• 

1.  JEhnanium, — F.  Giesel  has  obtained  from  pitchblende  an 
earth  consisting  chiefly  of  lanthanum  which  shows  strong  radio- 
active properties.  He  finds  that  the  behavior  of  the  material  is 
different  from  that  of  radiam,  and  believes  that  he  has  obtained 
a  new  element  which  he  calls  emaninm  and  which  he  hopes  to 
separate  from  lanthanum.  The  striking  characteristic  of  this 
material  appears  to  be  an  emanation  given  off  by  it.  When  air 
is  blown  through  a  flask  containing  preparations  of  the  substance 
enclosed  in  paper  capsules,  and  tlie  air  issues  from  a  tube  against 
a  blende  screen,  a  brilliant  illumination  is  produced,  and  scintilla- 
tions can  be  observed,  even  with  the  naked  eye.  The  "sparks" 
are  more  distinct  and  larger  than  those  produced  by  radium  or 
polonium,  and  hence  the  material  is  more  effective  than  these  for 
use  in  the  spinthariscope. — Berichte^  xxxvii,  169(5.  h.  l.  w. 

2.  Radio-activity  arid  Matter, — This  topic  has  been  recently 
discussed  by  Professor  Winkler,  who  is  perhaps  the  most  prom- 
inent inorganic  chemist  in  Germany.  The  great  importance  of 
the  recent  discoveries  connected  with  radio-active  substances  is 
admitted,  but  the  author  doubts  that  the  existence  of  new  ele- 
ments in  this  connection  has  been  satisfactorily  demonstrated. 
He  is  inclined  to  consider  radio-activity  as  a  purely  physical  pro- 
cess, which,  like  magnetism,  may  act  upon  matter  without  affect- 
ing its  chemical  nature.  He  points  out  that  radium,  which  was 
discovered  nearly  six  years  ago,  is  but  slightly  known  in  its 
chemical  relations,  and  that  nothing  can  be  stated  about  it  in  this 
respect,  except  that  it  is  remarkably  similar  to  barium,  but  has 
a  higher  atomic  weight.  The  further  chemical  study  of  radium 
and  other  radio-active  substances  is  advocated,  and  the  suggestion 
is  made  that  material  for  such  work  may  be  obtained  from  cer- 
tain rocks,  especially  granites,  occurring  in  Germany,  which  are 
known  to  contain  uranium  minerals. — Berlchte^  xxxvii,  1655. 

u.  L.  w. 

3.  Detection  of  Chlorides  in  the  Pre^itnce  of  Bromides, — 
Many  methods  have  been  proposed  for  the  detection  of  small 
quantities  of  chlorides  in  the  presence  of  bromides  in  qualitative 
analysis,  but  most  of  them  present  diflicnlties  in  tlie  hands  of 
students.  Chapman  Jones  has  recently  proposed  for  this  pur- 
pose the  treatment  of  the  mixed  silver  salts  with  a  cold  saturated 
solution  of  ammonium  bicarbonate.  The  reagent  is  poured  over 
the  precipitate  on  the  filter  paper  and  is  acidified  with  nitric  acid 
after  it  has  run  through.  When  the  reagent  is  allowed  to  remain 
in  contact  with  silver  salts  for  a  few  minutes  with  occasional 
agitation,  the  precipitate  produced  by  acidifying  will  be  greater 
in  the  case  of  the  chloride,  while  the  treatment  of  the  bromide 
may  be  continued  sometimes  for  half  an  hour  without  giving  a 
positive  result.     In  a  case  of  doubt,  the  acidified  liquid  may  be 
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divided  into  two  parts ;  to  one  is  added  a  slight  excess  of  ammo- 
nium bicarbonate  solution,  and  to  the  other  an  equal  quantity  of 
water.  If  the  turbidity  is  due  to  silver  chloride,  it  will  dissolve 
in  a  few  moments,  but  if  it  is  due  to  the  bromide  it  will  remain 
undissolved  for  several  minutes,  if  not  for  an  hour  or  more.— 
Chem,  News,  Ixxxix,  129.  h.  l.  w. 

4.  Soluhllity  of  Silicon  in  Zinc  and  Lead, — Moissax  and 
Siemens  have  found  that  silicon  dissolves  in  zinc  at  a  much  lower 
temperature  than  in  lead.  In  zinc  the  solubility  begins  at  550°, 
and  amounts  to  1*6  per  cent  at  850°.  In  the  case  of  lead  the 
solubility  begins  at  1100°,  and  at  1400°  it  amounts  to  only  0*15 
per  cent,  while  at  the  boiling-point  of  lead,  about  1550°,  it 
amounts  to  only  about  0*79  per  cent. — Berichtey  xxxvii,  2086. 

U.  L.  W. 

5.  Analytical  Chemistry ^  Volume  11^  Quayititative  Atialysis; 
by  F.  P.  Trkadwell  :  translated  from  the  Second  German 
Edition  by  William  F.  Hall.  Svo,  pp.  654,  with  96  figures. 
New  York,  1 904.  (John  Wiley  &  Sons,  price  $4.00.) — A  satis- 
factor}'  text-book  for  students  in  quantitative  analysis  has  long 
been  needed,  and  it  appears  that  the  work  under  consideration 
will  fill  this  want  admirably,  and  that  it  will  be  a  most  useful 
book  of  reference  for  practical  analysts.  The  most  modern  and 
satisfactory  methods  of  analysis  are  ably  presented,  and  the  book 
is  not  encumbered  with  antiquated  and  superseded  processes. 
The  best  electrolytic  methods  are  included,  as  well  as  methods  of 
fire  assaying  lor  gold  and  silver  ores,  while  separate  parts  of  the 
book  give  excellent  treatises  on  volumetric  analysis  and  gas 
analysis.  The  modern  aspect  of  the  work  will  be  evident  when 
it  is  stated  that  the  use  of  the  Gooch  crucible  is  strongly  advo- 
cated (although  the  details  given  for  its  use  appear  to  be  unduly 
complicated,  probably  from  lack  of  experience  with  the  proper 
kind  of  asbestos),  and  also  from  the  fact  that  many  other  Ameri- 
can methods,  such  as  those  of  Gooch  and  his  pupils,  Hillebrand, 
and  others,  are  given.  This  attitude  towards  American  improve- 
ments is  in  agreeable  contrast  with  the  usual  conservatism  dis- 
played in  this  respect  by  European  works  on  analytical  chemis- 
try. The  translator  has  also  helped  in  this  direction  by  making 
certain  additions  and  changes  with  the  object  of  rendering  the 
book  more  useful  to  English-speaking  students.  h.  l.  w. 

6.  Laboraloiy  Exercises  in  Physical  Chemistry ;  by  F.  H. 
Getman.  12m'o,  pp.  241.  New  York,  1904.  (Wiley  &  Sons.)— 
There  has  been  previously  no  suitable  laboratory  text-book  in  phys- 
ico-chemical measurements  which  could  be  used  by  the  average 
student,  and  the  present  volume  has  been  written  to  meet  this 
requirement.  The  customary  measurements  in  physical  chemis- 
try are  well  described  in  detail,  with  the  apparatus  required. 
Usually  but  one  method  is  given  for  each  measurement.  We 
notice  that  in  describing  the  boiling-point  apparatus  only  the 
Jones  form  is  described,  while  no  mention  is  made  of  the  Beck- 
mann  form.  There  is  a  set  of  convenient  tables  added  at  the 
end  of  the  book.  H.  w.  f. 
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7.  Chemie  der  Eiweisskoerper ;  von  Dr.  Otto  Cohnhstm  ; 
Zweite  Auflage,  Braunschweig,  1904.  (Fr.  Vieweguiid  Sohn.) — 
The  publication,  in  1900,  of  a  monograph  of  three  hundred  pages 
devoted  to  the  literature  of  the  chemistry  of  the  proteids  empha- 
sized the  importance  which  the  study  of  this  unique  and  signifi- 
cant group  of  compounds  has  assumed  in  biological  chemistry. 
The  appearance,  scarcely  four  years  later,  of  a  new  edition  of 
Cohnheira's  book,  not  merely  revised  but  entirely  rewritten,  gives 
evidence  of  the  marked  progress  which  has  attended  recent  inves- 
tigation in  this  field  of  study.  It  is  no  exaggeration  to  say  that 
during  this  interval  our  ideas  regarding  the  structure  of  the 
albuminous  bodies  have  been  radically  altered  in  various  ways. 
Investigators  and  students  will  therefore  welcome  the  new  edition 
as  a  useful  aid.  The  judgment  which  the  author  has  displayed 
in  dismissing  with  brief  reference  those  theories  and  facts  which 
no  longer  possess  more  than  historical  interest,  and  in  directing 
attention  to  the  permanent  acquisitions  to  our  knowledge,  deserves 
commendation.  From  this  it  will  be  understood  that  Cohiiheim's 
book  is  something  more  than  a  mere  compilation  ;  indeed,  critique 
is  displayed  in  every  chapter.  The  more  important  advances 
appear  in  the  review  of  the  cleavage  products  of  the  proteids 
and  in  a  discussion  of  their  chemical  constitution.  The  almost 
unavoidable  occasional  omissions  of  reference  to  important  papers 
are  apparently  few;  and  the  completeness  thus  attained  gives  an 
added  value  to  the  work.  l.  b.  m. 

8.  Vapor  pressure  of  Mercury  at  ordhniry  Tefuperatnres. — 
Edward  W,  Morley  gives  a  resume  of  the  work  of  previous 
observers  of  this  pressure.  The  work  of  Regnault  must  be  dis- 
missed from  consideration,  for  his  experimental  means  were  not 
sufiiciently  delicate  and  precise.  Ilagen's  measurement  also  must 
be  disregarded  because  his  interpolation  formula  is  inconsistent 
with  what  we  know  of  the  behaviour  of  saturated  vapors.  The 
experiments  of  Hertz,  of  Ramsay  and  Young,  agree  with  those 
obtained  by  Morley,  while  those  obtained  by  Van  der  Plaats  differ 
widely.  A  table  of  vapor  pressures  is  appended  to  the  article. — 
Phil.  Mag.,  June,  1904,  pp.  662-667.  .i.  t. 

9.  The  Penetrating  Hays  of  Radium. — The  y-rays  of  radium 
have  been  likened  to  the  X-rays  on  account  of  their  penetrating 
pow^er  and  their  not  being  deflected  by  a  magnet.  E.  Paschex 
has  made  a  study  of  this  j)enetrati!ig  power.  The  rays  have  a 
very  different  absorption-coeflicient  from  the  X-rays.  The  author 
points  out  incidentally,  that  the  commonly  based  method  of 
ionizing  the  air  is  not  suitable  for  determining  the  absorption. 
The  rays  lose  their  power  of  ionizing  the  air  in  passing  through 
layers  of  lead.  The  y-rays  appear  to  have  a  velocity  approxi- 
mating to  that  of  light  and  they  possess  great  interest  ;  for  we 
apparently  have  in  their  case  electrical  quantities  moving  with 
the  velocity  of  light. — Ann,  der  Phys.y  No.  6,  1904,  pp.  164- 
179.  J.  T. 
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10.  JTie  of  the  Thread  Galvanometer, — W.  Einthovkn  de- 
scribed in.  Ann.  der  Phys.,  p.  1050,  1903,  a  galvanometer  which 
consisted  in  the  main  of  a  silvered  quartz  fiber  stretched  between 
the  poles  of  a  magnet.  He  now  explains  some  further  peculiar- 
ities and  uses  of  the  instrument.  He  has  repeated  the  Caries' 
measurement  of  radio-activity  of  various  substances  by  the  use 
of  his  instrument  instead  of  the  electrometer  and  finds  it  more 
suitable  for  the  purpose.  The  currents  measured  were  of  the 
order  5XlO~*^amp.  He  also  measured  insulation  resistances  of 
the  order  of  a  million  megohms.  A  quantity  of  electricity 
6X10~*'  ampere-seconds  can  be  detected.  In  general  the  instru- 
ment is  suitable  for  manv  uses  to  which  the  electrometer  has 
been  put ;  and  it  is  especially  useful  to  detect  and  measure  feeble 
sounds  or  telephone  currents. — Ann.  der  Phys,^  No.  6,  pp.  182-1 9*2, 
1904.  J.  T. 

11.  The  Hot  Oxide  Coherer. — Max  Hornemann  states  that  he 
described  this  coherer  in  1902,  while  Branly's  paper  on  the  same 
subject  appeared  in  1 904.  Heated  and  then  cooled  particles  of 
iron  possess,  on  account  of  the  layer  of  oxide,  a  peculiar  sensitive- 
ness to  electrical  waves.  The  author  had  shown  this  property  of 
cold  oxide  layers  and  lately  has  investigated  the  influence  of 
heat  on  the  sensitiveness  of  such  layers.  He  found  that  hot 
layers  of  the  oxide,  if  they  are  of  the  same  metal  throughout,  do 
not  possess  any  marked  superiority  over  the  cold  particles  ;  but 
if  he  used  layers  of  different  metals,  for  instance,  lead  with  an 
oxidized  ^not  noble)  metal,  he  obtained  a  much  greater  sensitive- 
ness. With  a  hot  lead  copper  contact  he  could  detect  the  purring 
of  a  little  induction  coil  at  a  distance  of  12  meters  and  through 
intervening  walls. 

Hornemann  has  studied  this  effect  of  the  heated  oxide  layer 
by  means  of  a  galvanometer  and  suitable  electric  circuits  ;  but  is 
not  certain  of  the  reason  for  this  peculiar  action  of  heat  on  the 
coherer.  The  property  seems  to  be  an  important  one  with  refer- 
ence to  wireless  telegraphy. — Ann  der  Phys.y  No.  6,  pp.  129- 
138,  1904.  J.  T. 

12.  X-Rays  and  N-Rays ;  by  R.  Blondlot. — *  *  *  *  The 
consideration  of  the  kind  of  symmetry  belonging  to  a  Crookes* 
tube  suggested  to  me  the  possibility  that  the  rays  emitted  by  it 
might  be  polarized  on  their  emission.  I  proved,  in  fact,  that  a 
small  electric  spark,  subjected  to  their  action,  increased  in  bril- 
liancy when  the  discharge  was  parallel  to  the  axis  of  a  Crookes' 
tube,  and  that  this  reinforcement  did  not  take  place  when  normal 
to  the  axis.  This  indicated  that  the  rays  emitted  had  indeed  the 
want  of  symmetry  characteristic  of  polarization.  This  point 
established,  I  demonstrated  at  once  the  existence  of  rotatory 
polarization:  quartz,  sugar,  etc.,  served  to  rotate  the  plane  of 
polarization  of  the  radiations  produced  by  a  Crookes'  tube.  I 
then  conceived  the  idea  of  trying  the  rotation  by  a  series  of  mica 
plates,  after  the  manner  of  Reusch  :  this  rotation  in  fact  took 
place.     I  was  thus  led  to  examine  the  effect  of  a  single  lamina 
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of  mica :  this  gave  elliptic  polarization.  But  the  facts  stated 
proved  the  existence  of  double  refraction  and  made  d  fortiori 
simple  refraction  highly  probable.  I  proved  then  further  that 
the  radiations  which  I  had  studied  were  really  deviated  by  a 
qaartz  prism  and  could  be  concentrated  by  a  lens;  it  was  also 
shown  that  they  were  reflected  by  a  plate  of  smooth  glass  and 
diffused  by  an  unpolished  glass  surface. 

The  facts  stated  indicate  that  the  rays  under  examination  were 
not  Roentgen  rays  or  X-rays,  which  suffer  neither  reflection  nor 
refraction,  but  a  new  kind  of  rays  traversing  aluminium,  wood, 
black  paper,  etc.,  polarized  rectilineally  on  emission,  susceptible  of 
rotatory  and  elliptical  polarization,  and  reflected  or  diffused,  but 
producing  neither  fluorescence  nor  photographic  action.  To  this 
Kind  of  radiation  I  gave  the  name  of  N-rays,  It  is  to  the  N-rays, 
in  fact,  that  the  phenomena  of  polarization  pertain  which  I  had 
observed  and  at  first  attributed  to  X-rays.  If  we  analyze  by  a 
quartz  prism  the  complex  of  rays  emitted  by  a  Crookes'  tube,  it 
is  found  that  the  X-ra^s  are  not  deviated  while  the  N-rays  are 
deflected  toward  the  base  of  the  prism.  It  is  easy  then  to  prove 
that  the  N-rays  alone  act  on  a  small  spark  while  the  X-rays  seem 
to  have  no  action  on  it.  I  have  thus  established  the  polarization 
of  the  N-rays  and  not  that  of  the  X-rays;  also  the  velocity  of 
propagation,  which  I  have  measured  by  a  method  published  in 
these  Archives,  belongs  not  to  the  X-rays  but  to  the  N-rays. 
The  confusion  was  unavoidable  until  the  existence  of  the  new 
radiations  was  recognized. 

A  further  study  of  the  N-rays  has  enabled  me  to  prove  that 
any  source  of  light  of  very  small  intensity  may  be  employed  to 
show  their  existence,  as  a  small  gas  flame,  a  platinum  wire  at  a 
red  heat,  a  phosphorescent  screen.  All  of  these  sources  of  light 
have  their  brilliancy  increased  by  the  action  of  N-rays.  A 
Crookes'  tube  is  not  the  only  source  of  N-rays ;  they  are  emitted 
also  by  an  electric  arc,  a  Nernst  lamp,  an  Aner  burner,  and  most 
of  all  by  the  sun. 

The  reflection  and  refraction  of  the  N-rays  follow  the  same 
laws  as  those  of  light ;  in  particular  the  law  of  Descarlis  has 
been  verified  with  a  high  degree  of  precision  in  the  experiments 
made  with  prisms  and  lens  (of  aluminium).  In  the  emission 
from  a  Nernst  lamp  I  have  proved  the  existence  of  a  large  num- 
ber of  radiations  of  different  indices  comprised  between  the 
values  1"04  and  1*85.  I  have  isolated  the  different  pencils  by  the 
aid  of  an  aluminium  prism,  I  have  measured  their  wave-length 
by  the  aid  of  reseaux  traced  on  glass  by  the  classic  method,  and 
the  method,  based  upon  the  use  of  Newton's  rings,  has  given 
results  agreeing  with  the  preceding.  The  wave-lengths  are  com- 
prised between  0^-0081  for  the  index  1'04  and  0^-0176  for  the 
mdex  1*85. 

It  follows  from  what  has  preceded  that  the  N-rays  are  com- 
pletely analogous  to  light,  from  which  they  differ  only  in  the 
lengths  of  the  waves,  which  are  much  shorter.     Now  light,  ultra- 
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violet  radiation,  infra-red  radiation  and  the  Hertz  radiations, 
which  according  to  the  electro-magnetic  theory  of  light  are  an 
extension  of  light  radiations,  are  propagated  with  one  and  the 
same  velocity.  In  other  words,  there  is  a  velocity  of  propaga- 
tion common  to  all  kinds  of  radiation  and  independent  of  the 
wave-length.  It  is  thus,  as  it  were,  certain  d  priori  that  the 
N-rays,  all  of  whose  properties  approach  those  of  light,  and 
which  are  surely  a  variety  of  it,  should  have  the  same  velocity. 
This  is  precisely  what  the  experiments  already  described  in  these 
Archives  show.  This  verification  of  a  fact  reasonably  sure  in 
advance  seems  to  me  not  without  interest ;  it  confirms  the  com- 
plete unity  of  character  of  what  we  now  call  the  N-raj'S. — 
Archives  cles  Sciences,  phys.  et  nat.,  Geneva,  xvii,  May,  1904. 

13.  Lehrhuch  der  Physik ;  von  O.  I).  Cuwolson  ;  (Ibersetzt 
von  H.  Pflaum.  Bd  II.,  pp.  xxii-hl()56.  (Braunschweig:  F. 
Vieweg  und  Sohn.)— The  second  volume  of  this  work  presents 
the  same  admirable  qualities  as  the  first  volume,  which  has  been 
previously  reviewed  in  this  Journal.*  It  comprises  the  subjects 
of  sound  and  light  and  is  an  exhaustive  presentation  of  the 
phenomena  and,  so  far  as  is  possible  with  elementary  mathemati- 
cal methods,  of  the  theory  also.  The  descriptive  portions  are 
exceedingly  clear,  the  perspective  good,  and  the  arrangement  so 
logical  that,  notwithstanding  the  great  number  of  details  pre- 
sented, the  treatment  of  the  various  subjects  has  a  unity  some- 
what rare  in  works  of  this  character.  A  very  useful  feature  is 
the  list,  at  the  end  of  each  chapter,  of  important  original  papers 
bearing  upon  the  subjects  treated  in  the  chapter.  h.  a.  r 

14.  Applications  of  the  Kinetic  Theory  ;  by  W.  P.  Boynton. 
pp.  x  +  288.  New  York.  (The  Macmill'an  Co.) — This  is  a  well- 
arranged  collection  of  the  principal  theorems  and  applications  of 
the  Kinetic  Theory,  in  which  physical  ideas  are  not  lost  sight  of 
by  over  emphasis  upon  the  mathematical  details.  The  treatment 
is,  in  the  main,  elementary  and  the  methods  employed  are  those  of 
the  founders  of  the  theory,  rather  than  the  more  general  ones 
developed  by  Boltzmann  and  other  recent  writers  upon  the  sub- 
ject. The  author  has  succeeded  in  giving  a  fairly  complete 
account  of  the  subject  without  assuming  a  very  extensive 
acquaintance,  on  the  part  of  his  readers,  with  mathematics  and 
mechanics  ;  he  has  avoided  the  discussion  of  logical  subtleties  and 
delicate  questions  of  rigor  which  occupy  much  attention  at  pre- 
sent, but  which  the  beginner  can  well  afford  to  do  without.  The 
successive  chapters  deal  wnth  ideal  gases,  gases  whose  molecules 
have  dimensions,  diffusion  and  viscosity,  change  of  state,  the 
equation  of  van  der  Waals,  vaporization,  liquids,  solution,  dissocia- 
tion and  condensation,  and  a  summary  containing  numerical 
applications,  etc.  A  knowledge  of  empirical  thermodynamics  is 
not  assumed,  but  is  given  in  the  text  when  it  is  necessary  for  a 
comparison  between  the  results  of  the  theory  and  those  of  experi- 
ment. H.  A.  B. 

♦  See  voliune  xv,  p.  82,  Jan.  1908. 
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15.  Entropy  ;  or  Thermodynamics  from  an  Engineer*  s  Stand- 
pointy  and  the  Meversihility  of  Thermodynamics;  by  Jambs 
SwiNBURNK.  Westminster.  Pp.  x  +  137.  (Archibald  Constable 
and  Co.) — This  book  is  the  outcome  of  discussion  carried  on  by 
the  author  and  others  during  the  latter  part  of  1903  in  the  columns 
of  the  London  Engineering.  This  discussion  has  been  of  great 
valae  in  calling  renewed  attention  to  the  importance  and  difficul- 
ties of  the  thermodynamics  of  irreversible  changes.  Mr.  Swin- 
burne's contribution  cannot,  however,  be  said  to  be  thoroughly 
satisfactory,  unless  considered  alone  for  its  suggestiveness,  and 
for  its  rather  amusing  polemical  rigor.  In  order  to  put  more 
emphasis  on  irreversible  changes,  which  are  the  only  real  changes 
occurring  in  nature,  and  in  order  to  gain  a  more  physical  notion 
of  entropy,  he  proposes  a  new  order  of  development  of  the  prin- 
ciples of  the  science.  That  these  praiseworthy  objects  have  been 
successfully  attained  seems  doubtful,  though  the  suggestiveness 
arising  from  the  change  in  viewpoint  cannot  fail  to  be  of  value  to 
the  thoughful  reader.  The  accepted  or  orthodox  (as  Mr.  Swin- 
burne for  controversial  purposes  prefers  to  call  it)  presentation  of 
the  science  starts  with  those  laws  of  the  transformation  of  energy 
which  are  known  as  the  two  laws  of  thermodynamics  ;  then  comes 
the  consideration  of  the  reversible  process  and  cycle  from  which, 
by  application  of  the  second  law,  we  get  the  idea  of  entropy  and 
its  conservation ;  then  passing  to  irreversible  or  actual  processes, 
we  arrive  at  the  notion  of  the  waste  in  such  processes  and  the 
growth  of  entropy.  The  presentation  proposed  in  this  book 
starts,  as  does  the  ordinary  treatment,  with  the  same  two  laws  of 
energy  transformation,  though  Mr.  Swinburne  unnecessarily  mars 
the  presentation  by  inserting  a  wholly  gratuitous  third  law,  i.  e. 
that  a  frictionless  mechanism  is  unrealisable  ;  then  follows  the 
consideration  of  the  irreversible  or  actual  process,  the  waste 
incurred  in  such  processes,  the  definition  of  entropy  as  the  meas- 
ure of  the  waste,  and  the  doctrine  of  the  growth  of  entropy; 
then  taking  up  the  ideal  reversible  cycle,  the  working  definition 
or  mathematical  expression  for  the  entropy  (or  rather  for  its 
minimum  value)  is  obtained.  Now,  aside  from  the  pugnacious 
manner  in  which  it  is  presented,  atid  leaving  out  the  unessential 
and  unfortunate  "third  "  law,  there  can  be  no  valid  objection  to 
looking  at  thermodynamics  in  this  way  if  one  so  wishes  ;  in  fact, 
the  reviewer  feels  under  a  great  personal  obligation  to  Mr.  Swin- 
burne for  proposing  this  very  suggestive  alternative  viewpoint. 
When,  however,  he  comes,  in  the  third  and  fourth  chapters,  to 
consider  in  detail  certain  irreversible  changes,  one  cannot  criticise 
the  author  so  favorably.  There  is  a  lamentable  confusion  in  the 
matter  of  the  "heat  of  a  body,"  and,  in  particular,  the  restriction 
of  the  temperature,  in  the  expression  for  entropy  to  the  tempera- 
ture of  the  envelope,  cannot  be  admitted.  A  criticism  of  less 
moment  is  that  Mr.  Swinburne's  contention  that  the  slate  of 
development  of  a  science  is  a  function  of  the  names  it  possesses 
for  its  units,  and  that  therefore  thermodynamics  will  continue  in 
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a  backward  condition  until  his  proposal  of  the  "  clans  ^  for  the 
unit  of  entropy  is  adopted,  appears  more  amusing  than  convinc- 
inij. 

In  conclusion,  it  may  be  said  that  the  wish  expressed  in  the  last 
paragraph  of  the  appendix — 'Hhat  the  somewhat  novel  way  of 
arranging  and  treating  the  subject-matter  of  the  groundwork  of 
thermodynamics  may  meet  with  the  approval  of  those  who  spe- 
cially deal  with  that  science" — will  perhaps  see  a  fair  measure 
of  fulfillment.  The  remainder  of  the  subject  matter  illustrates, 
in  a  manner  unfortunately  not  rare,  the  statement-  made  at  the 
end  of  the  fourth  chapter,  that  thermodynamics  "  is  perhaps  the 
most  slippery  branch  of  science  there  is. "  l.  p.  w. 

la.  £Jkctricity  and  Matter;  by  J.  J.  Thomson,  162  pp.  New  York, 
1904  (Charles  Scribner's  Sons).— This  volume  gives  in  full  the  six 
lectures  delivered  by  Professor  Thomson  at  Yale  University,  on 
the  Silliman  foundation,  in  May,  1903.  Those  who  were  so  for- 
tunate as  to  hear  this  most  interesting  and  suggestive  discussion 
of  the  nature  of  electricity  and  constitution  of  matter,  by  one 
whose  own  contributions  have  been  of  the  first  importance,  will 
be  glad  to  have  the  lectures  preserved  for  them  m  permanent 
form.  The  volume  also  serves  the  more  important  end  of 
enabling  the  gifted  lecturer  to  reach  a  much  larger  audience;  this, 
indeed,  should  include  all  those  who  are  interested  in  the  prog^ress 
of  science  and  who,  at  the  same  time,  have  some  basis  of  physical 
knowledge  to  make  their  reading  intelligent. 

1 7.  J^tude  8ur  les  JResanances  dans  les  Hheaux  de  distribution 
par  Courajits  alternatifs  ;  par  6.  Chevrikr.  76  pp.  Paris,  1904 
(6dit6  par  l'£clairage  Electrique).  —  This  is  a  systematic  and 
homogeneous  presentation  of  a  subject,  the  various  aspects  of 
which  have  been  discussed  by  numerous  authors  from  different 
points  of  view.  The  theory  of  oscillatory  movements  in  general 
is  given  first,  followed  by  a  presentation  of  the  theory  specialized 
for  the  case  of  circuits  with  capacity  and  self-induction.  The 
third  part  gives  the  application  of  the  results  obtained  to  the 
condition  of  the  practical  current. 

18.  Elektrische  Fernphotographie  nnd  Ahnliches ;  von  Dr. 
Arthur  Korn.  66  pp.  Leipzig,  1904  (S.  Hirzel). — The  author 
here  reproduces  three  memoirs,  recently  published  in  the  Phy- 
sikalische  Zeitschrift^  giving  an  exact  description  of  his  methods 
and  apparatus ;  a  historical  introduction  is  added.  Those  who 
have  not  kept  up  with  the  progress  in  this  interesting  line  of 
experiment  will  be  surprised  to  see  what  can  now  be  accom- 
plished. 

19.  lite  Telescope;  by  Thomas  Nolan.  Second  edition,  revised 
and  enlarged,  128  pp.,  12mo.  New  York,  1904  (D.  Van  Nostrand 
Company). — To  the  matter  contained  in  the  first  edition  of  this 
little  book,  there  has  been  added  a  new  chapter  describing  the 
advances  made  since  1880  and,  following  this,  a  bibliography  of 
the  important  literature  on  the  telescope.  The  author  has  suc- 
ceeded in  setting  before  the  reader  a  large  amount  of  interesting 
information  simply  presented  and  in  a  very  small  space. 
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20.  ScierUiay  Phya.  Mathemcuiguey  No.  23.  Paris,  1904  (C. 
Naud). — ^This  recent  number  of  the  valuable  series  of  scientific 
memoirs  now  being  published  in  Paris  is  by  H.  Poincar^,  and  is 
devoted  to  the  subject  of  the  theory  of  Maxwell  and  the  oscilla- 
tions of  Hertz,  with  their  application  to  wireless  telegraphy.  It 
is  an  excellent  presentation  of  a  very  interesting  subject. 

II.    Geology  and  Natural  History. 

1.  Glacial  Conglomerate,  Traiuvaal,  South  Africa, — A  proof 
sheet  recently  received  from  the  Geological  Society  of  South 
Africa  announces  the  discovery  by  E.  T.  Mellor  of  extensive 
glaciated  surfaces  and  deposits  25  miles  east  of  Pretoria.  The 
deposits  represent  the  lower  portion  of  the  Highveld  Formation, 
lying  immediately  below  the  Coal  Measures  and  "consist  of  irreg- 
ularly alternating,  usually  more  or  less  lenticular  deposits  of  con- 
glomerates, sandstones,  and  shales.  The  conglomerates  have  all 
the  characters  usual  to  ground-moraines.  They  contain  an  assem- 
blage of  bowlders  very  miscellaneous  in  composition  and  size, 
embedded  in  a  clayey,  or  more  frequently  sandy,  matrix  full  of 
smaller  angular  rock  fragments.  Bedding  planes  are  rarely  met 
with.  The  bowlders  are  polished,  facetted,  and  in  the  case  of 
those  composed  of  material  sufficiently  fine  in  grain,  frequently 
striated.  The  sandstones  are  also  very  irregular  in  thickness, 
often  massive  and  without  traces  of  bedding ;  they  are  white, 
yellow,  or  cream-colored,  and  though  often  fine  in  texture,  very 
rough  to  the  touch.  The  shales  are  white  or  cream-colored. 
They  frequently  show  fine  lamination,  very  regular  over  short 
distances,  but  not  persistent  over  any  considerable  area.  More 
frequently  they  partake  of  the  nature  of  mudstones.  These 
shales  are  more  abundantly  developed  near  the  upper  portion  of 
the  glacial  series." 

"The  glacial  deposits  were  laid  down  upon  a  land  surface  of 
considerable  variety,  many  features  of  which  reappear  with 
slight  modification  in  the  landscape  of  to-day."  Wherever  the 
glaciated  deposits  are  removed  by  erosion,  glaciated  surfaces  are 
of  frequent  occurrence.  The  striae  and  bowlders  alike  abund- 
antly prove  that  the  ice  movement  was  N.N.W.  to  S.S.E.  This 
direction  is  in  accord  with  the  observations  of  Rogers  and 
Schwartz  at  Prieska,  Cape  Colon}'  (Ann.  Report  Geol.  Com.  1899) 
and  of  Schenck  near  the  junction  of  the  Orange  and  Vaal  Rivers 
(Ueber  Glacialerscheinungen  in  Sud  Afrika),  but  not  with  the 
observations  of  Molengraaff  in  the  Vryheid  district  (Trans.  Geol. 
Soc.  of  S.  A.,  IV,  pt.  V,  1898).  The  wide  extent  of  the  glacial 
deposits,  their  presence  at  various  elevations,  and  the  parallelism 
and  constancy  of  direction  of  the  striae  in  the  Transvaal  locality 
indicates  a  considerable  thickness  for  the  ice  sheet. 

2.  Wisconsin  Geological  and  Natural  History  Survey.  E.  A. 
BiRGE,  Director. — Two  bulletins  of  the  Wisconsin  Survey  have 
recently  been  published. 

Bulletin  !No.  XI. — Preliminary  Report  on  the  Soils  and 
Agricultural  Conditions  of  North  Central  Wisconsin  ;  by  Sa^muel 


90  Scientific  Litelligence. 

Wkidmak.  64  pp.,  10  pis.,  including  soil  map. — The  different 
classes  of  glacial  drift  constitnte  the  principal  part  of  the  surface 
outcrops  of  Central  Wisconsin  and  these  formations  are  described 
in  detail  as  to  character,  water  content,  etc.  Climatic  conditions 
are  discussed  in  Chapter  III,  (pp.  49-64). 

Bulletin  XII. — The  Plankton  of  Lake  Winnebago  and  Green 
Lake ;  by  G.  Dwight  Marsh.  89  pp.,  22  pis. — A  comparative 
study  of  the  Plankton  of  two  lakes  of  different  types  has  been 
earned  on  for  a  considerable  time  and  many  facts  regarding  the 
annual  and  geographical  distribution  of  the  animals  and  plants 
have  been  secured.  The  principles  controlling  distribution  are 
also  discussed. 

3.  Geological  Survey  of  Ohio.  Edward  Orton,  Jr.,  State 
Geologist.  Fourth  Series,  Bulletin  1.  The  Occurrence  and 
Exploitation  of  Petroleum  and  Natural  Gas  in  Ohio;  by  J.  A. 
Bownocker.  320  pp.,  0  pis.,  10  maps. — The  history  of  the  Ohio 
Geological  Survey  is  divided  into  four  distinct  periods:  1837- 
1838,  when  in  charge  of  W.  W.  Mather;  1869-1888  under  J.  S. 
Newberry  and  Edward  Orton;  1889-1894  w^hen  the  scope  of  the 
survey  was  somewhat  extended,  but  still  in  charge  of  Edward 
Orton;  1900 — when  the  present  State  Geologist  was  appointed 
and  a  reasonable  appropriation  granted  by  the  General  Assembly. 
The  investigations  now  in  ])rogre8s  are  a  revision  of  the  areal 
and  stratigraphical  geology,  by  C.  S.  Prosskr  ;  and  a  study  of 
the  cement,  lime,  brick,  salt  and  coal  industries  by  various  special- 
ists. The  lirst  publication  issued  by  the  fourth  survey  is  an 
elaborate  detailed  discussion  of  the  history,  development,  utiliza- 
tion, and  future  prospects  of  the  oil  and  gas  industry  of  the 
state.  The  descriptions  are  by  townships  and  include  a  mass  of 
local  geological  detail.  The  origin  of  oil  and  gas  is  discussed  in 
a  separate  chapter. 

4.  Geological  Survey  of  New  Jersey ^  Henry  B.  Ki^mmel, 
State  Geologist.  Annual  Report,  1003.  128  pp.,  14  pis. — The 
work  of  the  New  Jersey  Survey  shows  progress  along  several 
lines  of  activity.  It  has  been  decided  to  replace  the  present 
topographic  map  with  a  new  system  of  non-overlapping  sheets. 
Professor  Salisbury  is  to  prepare  a  report  on  the  surface  eeology 
of  the  southern  part  of  the  state.  Dr.  Weller  reports  that  the 
Cretaceous  presents  definitely  recognizable  faunal  zones  traceable 
entirely  across  the  state.  Dr.  Eastman  has  made  arrangements 
to  complete  his  studies  of  the  Triassic  fish  at  once.  In  addition 
to  the  usual  reports  on  underground  water,  mineral  resources,  etc., 
a  special  report  is  made  by  C.  C.  Vermeule  on  the  Passaic  floods 
and  a  scheme  for  their  control  by  a  throttling  dam  at  Little  Fails. 

5.  Delta  Plains  in  the  Nashua  Valley, — The  extensive  exca- 
vations and  borings  made  by  the  Metropolitan  Water  Board  in 
the  region  of  glacial  Lake  Nashua  have  furnished  unusual  oppor- 
tunities for  the  study  t)f  glacial  deposition.  In  the  Technology 
Quarterly,  xvii.  No.  1,  W.  O.  Crosby  describes  in  detail  the 
structure  and  composition  of  the  delta  plains  of  the  Clinton  stage 
and  their  associated  deposits. 
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6.  The  FloodH  of   the   Spring  of    1903  in   the  Mississippi 
Watershed;  by  H.  C.  Frankenfield.     U.  S.  Weather  Bureau 

Bulletin  M,  63  pp.,  15  charts. — The  Mississippi  Floods  of  1903 
exceeded  in  height  any  high  water  on  record  from  Memphis  to 
the  Passes.  The  greatest  destruction  was  at  Kansas  City,  but 
the  villages  along  most  of  the  western  tributaries  of  the  Missouri 
were  affected.  As  a  study  of  abnormal  rainfall  and  run-off  this 
bulletin  is  of  much  value. 

7.  Catalogue  of  the  Ward-  Coonley  Collection  of  Meteorites  ; 
by  Hknby  a.  Wakd.  113  pp.  with  10  plates.  Chicago,  1904. — 
It  is  certainly  most  remarkable  in  the  history  of  meteorites  that 
a  collection,  which  is  now  the  largest  in  the  world  in  number  of 
falls  and  stands  in  the  first  rank  with  the  great  collections  of 
Vienna,  London  and  Paris,  should  have  been  brought  together 
through  the  activity  and  enterprise  of  one  collector  and  that 
within  a  period  of  ten  years.  This  is  true,  however,  of  the 
Ward-Coonley  Collection,  the  third  catalogue  of  which  is  now 
issued.  Mr.  Ward  had  already  brought  together  two  earlier  col- 
lections of  170  and  200  falls,  respectively,  and  it  was  not  until 
1894  that  the  present  collection  was  begun.  It  now  numbers  603 
falls,  with  a  total  weight  of  about  2500  kilos.  During  the  past 
four  years  the  increase  has  been  at  the  rate  of  45  falls  per  year  ; 
the  catalogue  of  1900  showed  424  falls  (1399  kilos)  and  that  of 
1901  gave  511  falls  (1786  kilos).  The  collection  is  not  simply 
remarkable  in  the  number  of  occurrences,  but  also  in  the  rela- 
tively large  size  of  many  of  the  individual  specimens.  A  list, 
for  example,  is  given  of  30  falls,  about  equally  divided  between 
irons  and  stones,  of  which  the  largest  single  piece  is  now  pre- 
served in  the  Ward-Coonley  Collection.  In  addition  to  this 
point,  the  introduction  of  the  catalogue  calls  attention  also  to 
some  of  the  remarkable  features  of  the  individual  speciraeps  and 
deserves  to  be  studied  in  detail.  The  collection  is  at  present 
placed  on  deposit  in  the  Geological  Hall  of  the  American  Museum 
of  Natural  History  in  New  York  City.  The  catalogue  is  hand- 
somely printed,  giving  not  only  the  locality,  details  in  regard  to 
weight,  etc.,  but  also  the  character  of  each  s})ccimen,  as  indicated 
on  the  scheme  of  Brezina  detailed  on  a  later  page.  In  addition 
to  the  main  chronological  list  of  the  collection,  an  alphabetical 
list  of  all  known  meteorites  with  synonyms  is  given,  also  a  list 
showing  geographical  distribution.  A  series  of  half-tone  plates 
show  some  noteworthy  specimens,  also  representations  of  a  num- 
ber of  polished  surfaces  of  the  irons,  with  the  figures  developed 
by  etching. 

8.  Harvard  Experiment  Station  in  Cuba.  G.  L.  Goodalk. 
— The  generosity  of  Mr.  Edwin  F.  Atkins,  of  Boston,  has  placed 
at  the  service  of  the  Botanical  Department  of  Harvard  Univer- 
sity a  tract  of  land  and  certain  buildings  near  Cienf  uegos,  which 
are  now  employed  actively  in  the  attempted  solution  of  a  few 
problems  in  applied  botany.  The  grounds  were  first  utilized  for 
this  purpose  a  few  years  ago,  when  preliminary  trials  in  the  arti- 
ficial production  of  sugar  cane   seed    were   undertaken.     For  a 
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short  time  previous  to  this,  aa  extensive  collection  of  all  the 
approved  varieties  of  cane  then  accessible  was  brought  together, 
and  this  has  been  enlarged  from  time  to  time,  until  the  sorts  now 
have  a  very  wide  range. 

From  the  outset,  a  good  deal  of  attention  was  paid  to  the 
acquisition  of  the  best  kinds  of  other  useful  plants,  especially 
those  which  are  adapted  to  the  tropics  or  those  northern  plants 
which  can  be  made  to  grow  more  luxuriantly  in  very  warm 
regions.  The  establishment  was  so  fortunate  as  to  secure  early 
the  services  of  Mr.  C.  G.  Pringle,  as  botanical  collector.  He  has 
devoted  much  time,  with  good  success,  to  the  selection  and  for- 
warding of  desirable  species  from  Mexico. 

By  the  end  of  last  year,  the  number  of  species  had  increased 
so  considerably  that  a  new  and  thoroughlv  skilled  superintendent 
was  placed  in  charge  of  the  grounds.  Mr.  Robert  M.  Grey,  the 
new  superintendent,  is  widely  and  favorably  known  as  an  accom- 
plished hybridizer.  He  has  had  placed  at  his  disposal  ample 
facilities  for  prosecuting  his  experiments  in  many  directions.    . 

The  principal  directions  of  these  researches  are  the  following : 

(1)  Securing  the  best  varieties  of  cane,  by  selection  and  by 
seeds.  In  this  part  of  the  work,  the  fullest  opportunity  is  given 
for  the  prompt  and  exact  determination  in  the  chemical  labora- 
tory of  the  station,  of  the  sugar-content.  Some  of  the  more 
interesting  results  have  already  been  published. 

(2)  Selection  and  improvement  of  cotton,  ricinus,  pineapple, 
etc.,  with  definite  relation  to  the  resistant  power  of  the  varieties. 

(3)  The  cultivation  of  the  line  of  vegetables  demanded  by  the 
large  estates,  and  finding  also  a  ready  market  in  the  cities.  This 
line  of  study  has  proved  useful  and  is  likely  to  be  more  and  more 
highly  appreciated  by  the  smaller  cultivators  with  limited  capital. 
This  series  of  studies  is  placed  on  an  exact  basis  with  regard  to 
cost  and  proiit,  in  order  that  the  results  may  be  a  safe  guide  to 
the  small  farmers  and  gardeners. 

One  of  the  most  useful  functions  of  the  station  has  been  to 
show  the  necessity  of  extreme  caution  in  entering  on  large  plant- 
ings of  certain  plants  which  have  relentless  enemies  in  the  neigh- 
borhood, for  instance,  as  a  special  case,  cotton  of  the  usual  sorts. 

The  station  was  visited  winter  before  last  by  Mr.  J.  C.  Willis, 
director  of  the  Royal  Botanic  Gardens  at  Perideniya,  Ceylon, 
who  has  aided  us  much  bj''  his  advice.  From  many  sources  most 
generous  cooperation  has  been  obtained,  and  the  interesting 
experiment  is  now  fairly  in  hand.  To  indicate  somewhat  more 
fully  the  general  nature  of  the  enterprise,  I  select  portions  from 
the  latest  report  of  Mr.  Grey,  which  refer  especially  to  the  sugar 
cane,  ealadiums,  pineapples  and  ricinus. 

9.  Report  of  the  Harvard  Botanical  Station  in  Cuba  for  the 
Month  of  Mai/,  1904  ;  by  Robert  M.  Grey. — The  meteorological 
observations  for  the  month  are  as  follows  :  temperature  max., 
day  91°,  min.  73°;  night  7G°  and  64°;  humidity  of  the  atmos- 
phere 85°  to  100°;  rainfall  18-04",  for  May,  1903,  8-14". 
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Daring  the  month  of  May  the  temperature  has  been  below 
normal,  usually  ranging  between  82°  and  87°,  never  above  90*^ 
during  the  hottest  part  of  the  day.  The  mornings  and  evenings 
have  been  cool  and  pleasant  with  a  fine  breeze,  south  to  southeast 
winds  prevailing.  The  barometer  has  been  steady,  ranging  from 
29-87"  to  29-90".  The  humidity  of  the  atmosphere  has  been 
greater  than  for  the  month  previous. 

The  rainfall  for  the  month  has  been  abnormally  large.  A 
heavy  storm  of  May  1st  lasted  about  twenty  hours,  during  which 
time  6'50"  fell,  swelling  the  arroyas  and  streams  to  an  enormous 
height,  washing  out  some  of  the  spring  planting,  and  causing 
much  extra  work  in  the  garden,  which  suffered  severely.  The 
stream  rose    eight  feet,   carrying  away  some  of   our  botanical 

{)1ants,  which  were  situated  along  its  margin,  and  many  choice 
ilies,  besides  the  represser  and  one  bridge.  Another  severe  rain- 
storm of  4*04"  visited  us  on  May  7,  causing  a  still  greater  flood,, 
mining  completely  bridges,  walks  and  nearly  everything  along 
the  water  course,  including  our  stock  Platinal  of  about  ten  varie- 
ties, some  pineapples,  fancy  caladiums,  a  part  of  the  tea,  Liberian 
coffee,  cocoa,  call  as,  etc. 

.  •  .  .  Special  effort  is  devoted  to  propagating,  weeding,  clean- 
ing and  planting  shrubbery  in  our  new  nursery.  We  already 
have  a  fair  lot  of  laurels,  crotons,  acalyphas,  limes,  and  about 
five  hundred  roses  planted  out,  and  much  small  stock  of  various 
kinds  which  will  be  transferred  later. 

The  sudden  change  from  dry  to  wet  weather  has  caused  black 
spot  among  a  few  things,  such  as  roses,  lettuce,  and  other  stock. 

Among  the  quantities  of  sugar  cane  seeds  sown  this  season 
(over  four  hundred  heads)  we  have  had  very  j)oor  results.  Probably 
not  more  than  eight  or  ten  seeds  in  all  germinated,  and,  except- 
ing a  single  plant,  which  is  still  too  young  to  determine  positively,, 
these  have  all  died.  The  remaining  one  is  making  a  good  growth. 
It  came  up  among  seeds  of  Grystallina  collected  among  the  Cinta 
in  the  "Chino"  and  without  artificial  hybridization.  A  small 
portion,  each  of  one  hundred  heads,  was  selected  and  planted 
together  in  our  small  Platinal  (since  injured  by  water).  The 
plant  germinated  about  April  27.  It  has  orrown  rapidly  and  is 
now  about  four  inches  high,  with  three  fairly  characteristic  leaves. 

I  am  of  the  opinion  that  Cuba  is  the  northern  boundary  where 
sugar  cane  produces  flowers,  and  it  therefore  seldom  perfects 
seeds  of  good  germinating  power  in  Florida  and  Louisiana ;  very 
little  farther  north  it  does  not  even  flower.  The  flowers  on  our 
cane  here  are  perfect  and  the  seeds  in  many  cases  reach  normal 
size  and  appear  good,  but  are  very  soft  and  delicate.  They  are, 
however,  a  month  later  than  in  the  more  southern  warmer  islands 
and  thus  do  not  always  have  the  benefit  of  the  late  fall  rains  to 
perfect  them;  no  doubt,  however,  in  a  succession  of  years  we 
shall  occasionally  find  favorable  seasons  in  which  better  luck  may 
attend  our  efforts. 
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The  new  spring  plantings  of  experimental  canes  came  up  regu- 
lar and  healthy  and  are  growing  well.  The  varieties  of  which 
we  had  but  one  or  two  stock  plants  have  been  divided  up  and 
transplanted  with  the  rest  of  the  collection,  thus  bringing  all  of 
the  experimental  canes  together  in  one  patch.  Since  the  arrival 
of  the  wet  weather,  what  appeared  to  be  '*  Sereh  "  or  Fan  dis- 
ease on  one  or  two  of  our  Java  canes  has  disappeared,  the  fanlike 
appearance  being  nothing  more  than  stunted  growth.  Several, 
however,  which  showed  a  lack  of  chlorophyl  in  the  leaves  and 
were  sickly  in  the  roots  (probably  through  weakness)  have  not 
grown  out  of  it  and  will  be  destroyed  as  a  preventive. 

Careful  observation  among  the  cane  in  the  field  has  not  brought 
to  light  disease  of  any  kind;  several  plants  which  had  ''Rind 
Fungus"  on  the  dead  stock  during  the  early  spring  and  which 
were  marked  by  us,  upon  careful  examination  fail  to  show  traces 
of  any  disease  in  the  young  canes.  They  are  perfectly  healthy 
and  vigorous,  which  I  bblieve  conclusively  indicates  that  the 
Rind-discase  fungus  takes  possession  of  dead  tissues  in  exhausted 
or  dead  canes  when  of  no  further  use  to  the  plant. 

On  December  4,  I  cross-hybridized  Red  Spanish  and  Cuban 
Queen  pineapples;  on  May  18,  when  the  fruit  ripened,  X  fqiipd 
that  not  one  had  perfected  any  seed.  This  may  be  due  to  the 
dry  season,  and  I  shall  experiment  further  during  the  wet  season 
when  flowers  again  begin  to  open.  We  have  disbudded  a  large 
per  cent  of  the  Cuban  Queen  pineapples  and  a  great  improvement 
IS  discernible.  The  fruits  grow  larger  and  mature  more  rapidly, 
the  flavor  is  improved  and  the  tissue  is  softer.  This  variety 
usually  produces  ten  to  twenty  shoots  around  the  base  of  the 
fruit,  which  continue  to  grow  and  rob  them  of  the  sap  essential 
to  their  proper  perfection.  Where  disbudding  is  not  resorted  to 
(at  least  in  the  winter  crop)  they  take  a  much  longer  time  to 
ripen,  and  they  lack  flavor. 

Colacasia  antiquorum,  known  here  under  the  name  of  "  Mai- 
anga"  or  Tania,  is  one  of  the  principal  articles  of  food.  It  is 
boiled  in  a  similar  way  to  sweet  potatoes  or  "  Bonata"  and  much 
preferred  to  it.  There  are  three  distinctly  marked  varieties. 
The  type  has  dull  glaucous  green  leaves  and  stems  somewhat 
tinged  with  purple,  and  the  leaves  are  rather  sharply  defined. 
This  is  the  one  commonly  cultivated  in  this  vicinity.  It  is  rather 
insipid  in  flavor  and  does  not  multiply  very  quickly  in  the  field. 
The  Castilian  Malanga,  Colocasia  antiquorum  var.  esculentum, 
is  identical  with  our  northern  Caladium  esculentum;  it  is  of  a 
yellowish  color,  has  a  sweetish  flavor  when  cooked,  and  is  much 
preferred  by  the  laborers.  The  plant  is  a  stronger  and  more 
rapid  grower,  the  leaves  are  large,  irregular,  pale  green,  scarcely 
glaucous,  and  the  leaf  stock  is  only  faintly  glaucous.  It  pro- 
duces from  one-third  to  one-half  more  "  bulbiets  "  per  annum. 
After  giving  these  two  varieties  a  fair  trial  I  am  convinced  that 
the  old  type  can  be  gradually  discarded  in  favor  of  this  one,  and 
have  set  out  about  five  thousand  in  the  soltadera  for  the  coming 
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season,  along  with  as  many  of  the  others.  They  already  show  a 
superior  growth.  This  variety  is  alno  a  valuable  florists'  plant, 
and  large  "bulbs"  bring  a  good  price  in  the  market;  they  could, 
if  desired,  be  grown  here  in  quantity  and  at  a  very  fair  profit. 

The  third  variety  is  at  present  rather  scarce,  it  is  a  larger  and 
taller  grower  than  either  of  the  above  sorts,  with  a  vigorous  con- 
stitution, but  makes  very  few  offsets  and  does  not  perfect  them 
so  quickly ;  the  flavor  is  also  rather  inferior  to  C.  esculentum. 
The  fancy  bright  foliage  Caladiums  (closely  related  to  the  above) 
of  the  C.  Schomburgkii,  C.  Marmoratum,  C.  bicolor,  and  C.  pic- 
turatum  type  with  their  hybrids  and  varieties,  grow  and  increase 
freely  here,  and  although  the  market  is  somewhat  limited  they 
can  be  profitably  grown.  They  do  best  in  a  rich  humus  and 
require  some  shade  in  order  to  mature  big  "  bulbs "  quickly. 

The  castor-oil  plants  (Ricinus  Zanzibariensis  var.  Nigra) 
sowed  January  10  ripened  their  first  fruit  May  29.  and  promise  a 
good  crop.  This  is  the  large  black  African  bean;  it  is  not  quite 
so  high  in  percent  of  oil  as  the  small  native  bean,  but  is  several 
times  larger,  superior  in  every  other  respect,  and  equally  produc- 
tive, which  will  more  than  compensate  for  this  slight  difference. 
The  shell  is  softer  and  more  easily  crushed  and  pressed  than  the 
native  variety;  it  also  has  an  advantage  over  nearly  all  other 
varieties  in  the  fact  that  it  is  self-shelling  in  either  fire  or  sun- 
heat,  while  the  native  one  is  not.  As  a  proof  of  this,  I  took 
samples  from  thirty  separate  plants  and  did  not  find  one  in  which 
they  were  self-shelling.  Some  of  the  varieties  of  Arborea  and 
Borboniensis  are  better  in  this  respect,  but  I  have  not  been  able 
to  test  them  thoroughly  yet. 

[The  remainder  of  the  report  deals  with  cotton,  and  with  certain 
vegetables.] 

10.  (Jataiogiis  Mammalluni,  tarn  olx'^entiwn  <juarn  fossilium^  a 
Doctore  E.-L.  Trouessart.  Quinquennale  Supplementum,  Anno 
1904.  Fasc.  I,  pp.  iv,  288.  Berlin  (R.  Friedliinder  u.  Sohn).— 
The  successive  parts  of  the  second  edition  of  this  great  work 
have  been  repeatedly  noticed  in  these  j)ages.  The  edition  was 
completed  in  1897  and  an  appendix  was  issued  in  1899.  A  new 
method  has  now  been  adopted  to  bring  the  work  uj)  to  date,  viz.,  the 
publication  of  a  five-year  snpj>lement  com[)lete  in  itself  and  form- 
ing, in  fact,  a  third  volume  of  tlie  Catalogus  ;  of  tliis  siipplernont 
the  first  part  is  now  issued.  The  arrangement  is  such  as  to  show 
at  once  what  new  species  have  been  added  and  to  what  groups 
they  belong. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Publication  of  the  Earthipiake  Investifjation  Coni7nittee  hi 
JForeign  Languages^  No.  16,  117  pp.  Tokyo,  1904. — A  detailed 
discussion  is  here  given  by  A.  Imamura  of  the  Milne  horizontal 
pendulum  seismograms  obtained  at  Hongo,  Tokyo,  of  earth - 
qaakes,  about  300  in  number,  which  occurred  from  July,  1899,  to 
Dec,  1902.     Of  49  large  earthquakes,   30  of    which  originated 
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outside  of  Japan  (East  India,  Gulf  of  Mexico,  Alaska,  etc.),  and 
19  within  Japan,  the  majority  were  submarine,  only  two  of  the 
Japan  earthquakes  having  been  inland  ones.  From  the  observa- 
tion of  these  large  earthquakes,  the  average  transit  velocities  of 
the  different  phases  obtained  are  as  follows  :  V  =13'2  km.  per 
sec,  V,=6-8,  V,  =  4-5,  V.  =  3%S,  V,=2-8,  V,=2  4,  V,=2-l. 

2.  Ready  Reference  Tables,  Volume  I.  Conversion  factors  of 
every  unit  or  measure  in  use,  including  Xhose  of  length,  surface, 
volume,  capacity,  weight  and  length,  etc.,  based  on  the  accur- 
ate legal  standard  values  of  the  United  States.  Conveniently 
arranged  for  engineers,  physicists,  students,  merchants,  etc.; 
by  Carl  Hkring,  M.E.  ]6mo,  pp.  xviii  +  196.  New  York, 
1904  (John  Wiley  &  Sons). — The  great  value  to  the  practical 
worker  of  a  volume  of  tables,  such  as  the  present,  is  so  obvi- 
ous that  it  hardly  needs  to  be  insisted  upon.  The  arrangement 
and  typography  here  are  excellent,  while  the  condensed  list  on 
the  opening  pages  and  the  index  add  much  to  convenience  of  use. 

3.  University  of  Chicago:  JJecennial  Publications. — The 
first  series  of  these  publications  consist  of  ten  quarto  volumes, 
viz.:  two  volumes  of  reports  and  eight  volumes  of  investigations 
representing  the  research  work  in  the  different  departments  of 
the  University.  From  volume  ix,  devoted  to  mathematics,  phys- 
ics, chemistry,  geology,  the  following  memoir,  recently  issued, 
is  separately  printed  :  The  subgroups  of  the  generalized  finite 
modular  group,  by  Eliakim  Hastings  Moore. 

4.  Field  Columbian  Museum. — Recent  publications  include 
the  following :  No.  2  of  vol.  Ill  of  the  Botanical  Series,  by 
Charles  Frederick  Millspaugh  and  Agnes  Chase,  devoted  to  the 
plants  (Compositie)  of  the  Peninsula  of  Yucatan  ;  No.  16,  vol. 
Ill,  Zoological  Series,  by  D.  G.  Elliot,  on  mammals  collected  in 
Southern  California  by  E.  Heller ;  also  No.  3,  vol.  II,  Report 
Series,  giving  the  Annual  Report  of  the  Director  for  1902-03. 

5.  Publications  of  the  Bureau  of  Government  Laboratories 
at  Manila. — Bulletin  No.  1  of  the  Entomological  Division  of  the 
Biological  Laboratory,  by  Charles  S.  Banks,  entomologist, 
recently  issued,  discusses  the  Insects  of  the  Cacao,  especially  for 
the  benefit  of  farmers. 

Obituary. 

Sir  Clemknt  Le  Neve  Foster,  F.R.S.,  professor  of  mining 
in  the  Royal  College  of  Science  in  London,  died  on  April  19,  at 
the  age  of  sixty-three  years. 

Professor  Alexander  W.  Williamson,  the  venerable  English 
chemist,  died  on  May  6,  at  the  age  of  eighty  years. 

Mr.  Frank  Rutley,  the  well  known  English  petrologist,  died 
on  May  16  at  the  age  of  sixty-two  years. 

Professor  15mile  Duclaux,  the  eminent  French  bacteriologist, 
died  early  in  May  in  his  sixty-fourth  year. 

Professor  Charles  Soret,  of  Geneva,  well  known  for  his 
work  in  experimental  physics,  died  on  April  5th,  at  the  age  of 
fifty  years. 
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Art.  XIV. — On  the  Ratio  of  Hadiurn  to  TJraniuvx  in  some 
Minerals  y  by  Bertram  B.  Boltwood. 

The  experiments  which  will  be  described  in  this  paper  were 
undertaken  with  the  object  of  determining  the  relative  propor- 
tions of  radium  and  uranium  present  in  certain  mineral  sub- 
stances.* 

The  method  which  has  been  used  for  the  quantitative  estima- 
tion of  the  radium  depends  upon  the  electrical  measurement 
of  the  radium  emanation  which  is  given  off  when  a  known 
quantity  of  the  mineral  is  dissolved  or  decomposed  by  suitable 
cnemical  reagents  and  this  solution  is  allowed  to  stand  for 
several  days  in  direct  communication  witli  a  closed  glass  vessel. 
Another  plan  which  has  also  been  tried  is  to  decompose  the 
mineral  completely  in  an  open  vessel  and  to  heat  the  solution 
to  boiling  in  order  to  expel  all  of  the  accumulated  emanation. 
The  solution  was  then  sealed  up  in  a  closed  glass  vessel  and  the 
emanation  allowed  to  accumulate  for  a  given  period,  at  the  end 
of  which  it  was  removed  and  measuredf. 

The  testing  of  the  emanation  was  carried  out  in  an  air-tight 
electroscope  (fig.  1)  similar  in  principle  and  design  to  that 
described  by  C.  T.  R.  Wilson.  It  consisted  of  a  rectangular 
brass   case  A^   15^   high,  10<^'"    wide    and   4-5^"^  deep.     The 

*  A  preliminary  notice  in  which  8ome  of  the  results  were  given  has  already 
apx>eared  in  the  Engineering  and  Mining  Journal,  Ixxvii,  p.  756,  and  in  the 
London  Nature,  lu,  p.  80. 

f  In  a  paper  by  Strait  (Proc.  Royal  Soc.,  Ixxiii)  some  measurements  of  the 
amounts  of  radinm  emanation  given  oft  by  certain  minerals  on  heating  are 
described.  Some  experiments  which  I  have  made  show  that  samarskite,  on 
heating  to  low  redness,  givee  off  only  10  per  cent,  and  on  heating  to  bright 
redness  only  20  per  cent,  of  the  emanation  set  free  when  this  mineral  is  com- 
pletely decomposed  with  hot  sulphuric  acid. 
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walls  of  this  oase  were  6""  in  thickness  and  were  grooved  od 
the  edge  to  a  depth  and  width  of  3™™.  Two  plates  of  plate- 
glass  3"""  thick  fitted  closely  into  the  grooves  of  the  case  and 
the  joint  was  made  air-tight  by  the  use  of  hot  sealing-wax. 
The  glass  plates  formed  the  front  and  back  of  tlie  electroscope 
case.  The  case  was  provided  with  two  brass  stopcocks,  G^  and 
carried  on  the  top  a  glass  tube  T^  2'5^  in  diameter  and  7*5*^  in 
length.  The  gold-leaf,  Z,  was  attached  to  the  brass  plate  /?, 
which  was  S*™  long  and  1"**  wide,  and  was  soldered  to  a  brass 


rod  1'5'™  long  and  3™""  in  diameter.  The  rod  «  of  cast  sulphm*, 
4cm  iQj^g  ^jij  ^cm  jjj  diameter',  served  as  an  insulating  support 
for  the  gold-leaf  and  was  attached  at  the  top  to  a  brass  rod 
12*^"'  in  length  and  3"™  in  diameter.  The  brass  rods  were  con- 
nected firmly  to  the  sulphur  support  by  warming  the  rods  to 
above  the  melting  jwint  of  sulphur  and  pushing  them  a  short 
distance  into  the  ends  of  the  sulphur  rod.  Fitted  to  the  top  of 
the  tube  T  was  a  brass  ring,  (7,  into  which  screwed  the  cap  j5, 
also  of  brass.  Through  the  latter  passed  a  short  glass  tube  1*" 
in  diameter  and  contracted  somewhat  at  the  top.  This  glass 
tube  was  filled  with  melted  sulphur,  which  was  then  allowed  to 
solidify.  The  end  of  the  rod  t  was  then  warmed  and  poshed 
through  the  sulphur  plug  until  it  extended  about  5"*°^  beyond 
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it,  and  the  joint  was  made  still  tighter  by  the  application  of  a 
small  quantity  of  melted  sealing-wax.  Suspenoed  by  a  small 
hook  near  the  top  of  the  rod  t  was  a  soft  iron  wire  w^  which 
extended  to  below  the  sulphur  rod  and  terminated  in  a  loop 
which  surrounded  the  rod  supporting  the  plate  v.  When 
hanging  in  its  normal  jxisition  this  wire  did  not  toucn  the  lower 
rod,  but  on  bringing  a  small  magnet  near  the  tube  T  the  wire 
was  deflected  and  established  a  metallic  circuit  between  the 
upper  rod  and  the  gold  leaf.  The  plate  p  and  tlie  metal  por- 
tions of  its  supports  were  heavily  gold-plated  to  prevent  tar- 
nishing. All  oi  the  joints  and  crevices  were  filled  with  sealing 
wax  except  that  between  B  and  C^  which  was  closed  air-tight 
by  a  rubber  washer,  R^  between  them.  By  unscrewing  the  cap 
^  the  gpld-leaf  and  its  supix)rts  could  be  removed  from  the 
case. 

The  electroscope  was  attached  by  screws  to  an  iron  plate,  JT, 
which  in  turn  was  fastened  to  two  lead  ingots,  Z,  Z,  weighing 
about  seven  pounds  each.  The  whole  apj>aratu8  was  therefore 
very  steady  and  connections  could  be  made  at  the  cocks  with- 
out fear  of  altering  the  adjustment. 

For  charging  the  gold-leaf  a  large  stick  of  sealing-wax  was 
used.  This  was  rubbed  lightly  on  the  clothing  and  approached 
to  the  top  of  the  rod  U  the  wire  to  being  brought  at  the  same 
time  into  contact  with  the  plate /?  by  means  of  a  small  magnet. 
On  rubbing  the  rod  gently  witli  the  sealing-wax  a  sufficient 
charge  was  imparted  to  the  gold  leaf  to  i)roduce  the  desired 
deflection.  After  removing  the  sealing-wax  stick  and  the  mag- 
net, the  top  of  the  rod  and  cap  were  touched  with  the  finger. 
This  method  of  charging  worked  very  well  during  the  dry 
weather  of  winter  and  early  spring  but  became  troublesome 
when  the  air  of  the  laboratory  grew  moister,  and  has  therefore 
]>een  superseded  by  the  use  of  a  battery  of  small  storage  cells 
giving  a  potential  of  from  300  to  400  volts. 

The  fall  of  the  gold-leaf  due  to  leak  of  the  electric  charge 
was  observed  by  means  of  a  microscope  mounted  on  a  separate 
support  in  front  of  the  electroscope.  This  microscope  consisted 
of  a  Bausch  and  Lomb  combination  of  a  2-inch  eye-|)iece  and 
a  1-^inch  objective  mounted  in  an  ordinary  draw-tube.  The 
diameter  of  the  field  was  about  4"'°^  and  the  eye-piece  contained 
a  glass  scale  divided  into  nine  divisions,  which  were  further 
subdivided  into  tenths;  each  tenth  of  a  division  therefore  cor- 
responded to  about  0-044"'". 

The  radium  emanation  given  off  by  a  known  weight  of  min- 
eral substance  was  collected  in  the  apparatus  shown  in  fig.  2. 
This  was  made  entirely  of  glass  and  consisted  of  an  elongated 
bulb,  -4,  connected  by  a  tube  with  the  smaller  bulb  B^  which  in 
turn  was  connected  with  the  still  smaller  bulb  0.     A  weighed 


/ 
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?[uantity  of  the  very  finely  powdered  mineral  was  introduced 
rom  a  long,  thin  weighing-tube  into  the  bulb  Zf,  and,  except 
where  the  reagent  afterwards  employed  was  concentrated  sul- 
phuric acid,  enough  water  to  cover  the  mineral  was  then  intro- 
duced into  B  from  a  small  pipette.  C  was  then  filled  with 
the  acid  used  to  decompose  or  dissolve  the  mineral  and,  the 
2  capillary  tubes  at  f  and  g  having  been  already 

I  J.  closed,  the  tube  CD  was  drawn  out  into  a  short 

I  capillary  and  sealed  off  in  the  flame  of  a  blas^ 

lamp.     At  the  moment  of   sealing  off,   a  slight 

. —      negative  pressure  was  created  in  the   interior  of 

I  the  apparatus  by  drawing  out  a  small  portion  of 

\  the  air  through  a  rubber  tube  attached  at  D, 

The  apparatus  was  tipped  until  the  apid  in  C 
ran  over  into  B^  and  B  was  then  warmed  gently 
until  the  mineral  contained  in  it  had  been  entirely 
decomposed.  The  apparatus  was  then  allowed  to 
stand  undisturbed  for  several  days  to  come  into 
equilibrium  and  the  tube  connecting  A  and  B  was 
then  drawn  out  into  a  short  capillary  and  sealed 
off  at  e.  The  bulb  A^  separated  in  this  manner 
from  the  rest  of  the  apparatus,  was  then  allowed 
to  stand  for  about  two  hours  in  order  that  any 
rapidly  decaying  emanation  (thorium  or  actinium)  might  be 
entirely  removed.  The  air  and  radium  emanation  contamed  in 
A  were  then  transferred  to  the  electroscope  in  the  following 
manner :  The  capillary  tube  at  e  was  first  notched  with  a  file  and 
then  broken  off  under  the  surface  of  a  strong  sodium  hydroxide 
solution.  Because  of  the  diminished  pressure  in  A^  several  cubic 
centimeters  of  the  sodium  hydroxide  solution  would  be  drawn 
into  the  bulb.  A  short  rubber  tube  filled  with  water  was  then 
slipped  over  e.  The  other  end  of  this  rubber  tube  dipped  into 
a  vessel  of  water.  A  closed  screw  pinchcock  was  then  attached 
to  the  rubber  tube  near  e  and  the  bulb  A  was  tilted  so  that  its 
interior  walls  were  completely  wetted  with  the  sodium  hydrox- 
ide solution.  This  served  to  dry  the  gas  somewhat  and  to 
remove  any  acid  fumes  which  might  be  present.  The  pressure 
on  the  interior  of  the  electroscope  was  now  exhausted  to  about 
one-half  atmosphere  and  the  stopcocks  closed.  The  capillary 
tubes  aty  and  g  were  notched  with  a  file  and  f  was  connected 
with  one  of  the  stopcocks  of  the  electroscope  by  a  short  section 
of  rubber  tubing.  The  pinchcock  at  e  was  then  opened,  the 
tip  of  the  capillary  tube  f  was  broken  off  inside  tne  rubber 
tube,  the  stopcock  of  the  electroscope  was  opened  slightly 
and  the  air  in  A  was  drawn  over  into  the  electroscope.  When 
the  water  had  risen  in  A  until  it  had  reached  the  lunction  of 
the  side-tube  g^  the  pinchcock  at  e  was  closed,  the  tip  of  g  was 
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broken  off  and  the  external  air  was  allowed  to  sweep  through 
the  system  of  tubes  until  thepressure  within  and  without  the 
electroscope  was  the  same.  Tiie  stopcock  of  the  electroscope 
was  then  closed  and  the  other  apparatus  disconnected. 

For  determining  the  rate  of  leak  or  discharge  of  the  gold- 
leaf,  measurements  were  made  of  the  time  required  for  the 
gold-leaf  to  fall  through  a  distance  equal  to  eight  divisions  of 
the  scale  in  the  eye-piece  in  the  microscope.  The  time  required 
was  recorded  by  means  of  a  stop-watch  divided  to  fifths  of  a 
second.  Because  of  the  initial  rise  in  the  activity,  due  to  the 
formation  of  induced  activity  within  the  electroscope,  the  rate 
of  leak  at  the  end  of  three  hours  was  chosen  in  comparing  the 
results  obtained  with  different  minerals. 

In  order  to  determine  the  quantity  of  uranium  present  in 
the  mineral  under  examination,  the  solution  in  the  bulb  B  was 
washed  out  into  a  beaker  and  the  quantity  of  uranium  deter- 
mined by  one  of  the  ordinary  methods  of  analysis. 

The  capacities  of  the  two  final  sections  of  the  apparatus 
were  determined  by  filling  them  with  water  and  weighing 
them,  and  then  weighing  them  when  empty.  The  average 
capacity  of  A  in  the  different  experiments  was  about  48''°  and 
the  average  capacity  of  the  rest  of  the  apparatus  was  about 
9**.  In  comparing  tlie  results  obtained  with  different  minerals 
it  was  in  general  assumed  that  the  distribution  of  the  emana- 
tion throughout  the  different  parts  of  the  apparatus  was  uni- 
form and  the  volume  occupied  by  the  solution  was  neglected. 
Since  the  capacities  of  the  different  pieces  of  apparatus  used 
were  in  all  cases  approximately  the  same  and  the  volumes  of 
the  different  solutions  were  all  approximately  equal,  this  pos- 
sibly doubtful  assumption  would  cause  no  serious  error  in  the 
results  when  used  for  purposes  of  comparison. 

The  results  obtained  with  eight  different  samples  of  uranium 
minerals  are  given  in  a  table  below.  For  decomposing  the 
uraninites  strong  hydrochloric  acid  containing  a  little  nitric  acid 
was  used,  the  gummite  and  uranopliane  were  treated  with 
strong  hydrochloric  acid  and  the  carnotite  was  dissolved  in 
dilute  (1 : 1)  nitric  acid.  The  sample  of  samarskite  used  was 
obtained  in  a  very  finely  divided  condition  by  suspension  in 
water  and  decantation  from  the  coarser  material.  In  this  form 
it  could  be  readily  decomposed  with  concentrated  sulphuric 
acid. 

The  samples  No.  1,  2,  3  and  4  were  from  North  Carolina, 
No.  5  from  Branchville,  Conn.,  Nos.  6  and  7  from  Colorado 
and  No.  8  from  Saxony. 

Between  experiments  5  and  6  the  adjustment  of  the  electro- 
scope became  slightly  altered  from  an  accidental  movement  of 
the  microscope  support.     A  re-determination  of  the  constant 
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'for  sample "ffb.'X  under  tliese  conditions  gave  the  value  of  tlie 
ratio  as  263. 


Per  cent 

Grams 

Leak 

Ratio 

1 

uranium  in 

nraninm 

divisions 

leak  to 

No. 

Substance. 

mineral. 

taken. 

per  min. 

nraninm. 

1 

Uraninite 

82-5 

0-1067 

22-5 

211 

2 

Gammite 

661 

0-0982 

20-8 

212 

3 

Uranophane 

46-6 

00671 

12-1 

181 

4 

Samarskite 

9-8 

0-0299 

6-4 

214 

5 

Uraninite 
Carnotite 

83-9 

0-0994 

20-6 
6-9 

207 

6 

18-0 

00258 

267 

Uraninite 

54-6 

0-0783 

19-8 

253 

8 

Uraninite 

48-5 

0-0699 

16-5 

231 

The  low  vahie  of  tlie  ratio  in  the  experiment  with  No.  3  was 
at  first  attributed  to  the  fact  that  this  material  appeared  to  give 
off  in  the  cold  a  j^reater  proportion  of  its  emanation  than  the 
other  minerals  of  the  series  and  that  it  liad,  therefore,  not 
reached  a  state  of  equilibrium  at  the  time  when  the  emanation 
was  measured.  A  more  careful  measurement  of  the  propor- 
tion of  emanation  lost  by  the  cold  pulverized  samples  was 
made  and  no  differences  sufficiently  great  to  explain  the  low 
value  in  No.  3  were  obtained.  Since  the  solution  of  the  urano- 
phane had  gelatinized  on  standing  in  the  solution  apparatus, 
owing  to  the  relatively  high  proportion  of  silica  which  the 
mineral  contains,  it  was  thought  that  this  might  have  been  the 
cause  of  the  low  result.  Small  samples  of  Nos.  1,  2  and  3 
were,  therefore,  completely  decomposed  with  acids  and  the 
resulting  solutions  evaporated  to  dryness  on  the  water-bath. 
The  residues  were  treated  with  dilute  hydrochloric  acid  and 
the  solutions  thus  obtained  were  introduced  into  apparatus 
similar  to  the  solution  tubes  (fig.  2)  already  described,  except 
that  the  lower  part  consisted  of  a  single  bulb  only.  The  solu- 
tions were  then  sealed  up  and  allowed  to  stand  for  thirty  days. 
At  the  end  of  this  period  the  bulb  A  was  sealed  off  and  the 
accumulated  emanation  transferred  to  the  electroscope.  The 
results  thus  obtained  are  given  in  the  following  table : 


Per  cent 

Grams 

Leak 

nraninm  in 

nraninm 

divisions 

No. 

Substance.        mineral. 

taken. 

per  min. 

Katio. 

1 

Uraninite          82-5 

0-1227 

16-6 

135 

2 

Gummite           66-1 

0-0964 

13-3 

13c{ 

3 

Uranophane      46*6 

0-0686 

9-8 

143 

It  is  therefore  probable  that  the  low  value  obtained  in  the 
first  experiment  with  the  uranophane  was  due  to  the  forma- 
tion of  gelatinous  silica.  The  value  of  the  ratio  stands  in 
no  direct  relation  to  that  obtained  in  the  other  series,  since  the 
adjustment  of  the  electroscope  was  again  different. 
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The  chief  sources  of  error  in  the  method  as  described  are 
due  to  two  causes.  One  of  these  lies  in  the  fact  that  the  heat- 
ing of  the  tube  connecting  the  bulb  A  with  the  bulb  B  natu- 
rally warms  the  gases  contained  within  them  and  causes  a  slight 
alteration  in  their  relative  capacities.  This  difficulty  was 
avoided  as  much  as  possible  by  wrapping  both  biilbs  in  wet 
filter  paper  before  tlie  tube  connecting  them  was  heated.  The 
other  possible  error  li^s  in  the  fact  tliat  some  of  the  minerals 
tested,  particularly  Nos.  7  and  8,  contained  a  considerable  per 
cent  of  sulphides.  On  treating  these  minerals  with  the  aqua 
regia  necessary  to  decompose  them,  the  sulplmr  of  the  sulphides 
was  in  part  oxidized  to  sulphuric  acid  and  a  noticeable  quantity 
of  lead  sulphate  separated  from  the  sohition.  Although  radium 
sulphate  is  quite  soluble  in  the  strong  aqua  regia  used,  it  is  not 
impossible  tliat  slight  traces  of  this  compound  were  carried 
down  by  the  precipitated  lead  sulphate.  This  would  explain 
the  lower  values  of  the  ratios  obtained  with  7  and  8. 

I  am  particularly  indebted  to  Prof.  H.  A.  Bumstead  of  Yale 
University  for  valuable  assistance  and  advice  given  in  connec- 
tion with  this  research,  and  to  Prof.  S.  L.  Penfield  of  Yale 
University  and  Dr.  Joseph  Hyde  Pratt  of  Chapel  Hill,  N.  C. 
for  most  generously  supplying  me  with  the  minerals  used  in 
these  experiments. 

Conclusions. 

The  quantities  of  radium  present  in  the  uranium  minerals 
which  have  been  examined  are  apparently  directly  proportional 
to  the  quantities  of  uraniu'in  contained  in  the  minerals. 

Since  it  has  been  suggested  by  J.  J .  Thomson  and  Ruther- 
ford* as  very  probable  that  radium  is  formed  by  the  breaking 
down  of  the  uranium  atom,  and  if  such  were  the  case  a  final 
state  of  equilibrium  and  a  definite  proportion  between  the 
uranium  and  radium  present  in  minerals  would  be  expected, 
these  results  seem  to  be  of  value  in  furnishing  experimental 
evidence  of  the  actual  existence  of  this  fixed  relation.  It  is 
planned  to  extend  the  work  to  other  minerals  containing  a 
smaller  per  cent  of  uranium  and  to  introduce  certain  modifica- 
tions in  the  method  which  will  considerably  increase  its  accu- 
racy. 

New  Haven,  Conn.,  June  29,  1904. 

*  Badio-actmty,  Cambridge  University  Press,  1904. 
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Art.  XV. — Ths  Constitution  of  Hydrous  ThaUic  Chloride; 

by  F.  M.  McClenahan. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Tale  Uniyenitr — 

CXIX.] 

The  nature  of  hydration  and  the  constitution  of  the  hydrous 
thallic  chlorides  liave  recently  been  the  subject  of  discussion 
by  Cushman*  and  K.  J.  Meyer.f  The  tetrahydrated  thallic 
chloride  TlCl,  •  4H,0  is  easily  prepared,  and  Werther:|:,  and 
R.  J.  Meyer  record  the  preparation  of  the  monoliydrate 
TlCl,  •  H,0,  though  Gush  man  was  unable  to  actually  isolate 
this  salt.  All  assert  that  dehydration  cannot  be  carried  beyond 
the  condition  of  the  monoliydrate  without  loss  of  chlorine. 
More  recently  Thomasg  has  made  record  of  the  complete  dehy- 
dration of  thallic  chloride  without  loss  of  chlorine  by  exposure 
for  seventeen  weeks  over  sodium  hydroxide  in  vacuo^  and  ven- 
tures the  opinion  that  there  is  little  ground  for  believing  that 
the  relation  of  one  of  the  molecules  of  water  to  the  salt  is  differ- 
ent from  that  of  the  others.  Meyer  maintains  that  one  of  the 
chlorine  atoms  is  not  precipitated  by  silver  nitrate  and  that  it 
sustains  a  relationship  to  the  complex  different  from  the  other 
two,  so  that  the  anhydrous  salt  may  be  represented  by  the 
symbol  (TlCl)  CI,.  Cushman  points  out,  however,  that  Meyer's 
use  of  Volhard's  titrimetric  method  of  analysis  was  faulty, 
inasmuch  as  the  thallic  salt  acts  as  an  oxidizer  upon  the  standard 

f)ota8sium  sulphocyanate  employed  to  estimate  the  silver  salt 
eft  over  after  precipitation  of  the  chlorine  by  a  standard  solu- 
tion of  silver  nitrate,  and  that  in  examinations  of  the  filtrates 
from  the  usual  gravimetric  determination  (by  silver  nitrate  in 
presence  of  a  sufliciency  of  nitric  acid),  no  sign  of  incomplete 
precipitation  of  the  chlorine  was  observed.  Cushman  con- 
cludes that  the  evidence  which  supports  the  writing  of  thallic 
chlorides  as  (TlCl)Cla,  as  well  as  all  speculation  from  this 
point  of  view,  falls  to  the  ground.  Irom  experiments  in 
which  two  specimens  of  a  crystalline  non-hygroscopic  prepara- 
tion of  the  tetrahydrated  thallic  chloride  TlCl,  .4B[,0  were 
exposed  twenty-one  weeks  in  desiccators,  the  one  over  sul- 
phuric acid  and  the  other  over  j)hosphoric  pentoxide,  the  con- 
clusion was  drawn  by  Cushman,  tliat  it  may  be  taken  as 
certain    that   the  last  fourth  of  the  water  comes  off  slowly 

*  Amer.  Chem.  Jour.,  24,  222  (1900) ;  26,  505  (1901). 
f  Zeischer.  Anorg.  Chem.,  32,  72  (1902). 
i  Jour,  prakt.  Chem.,  91,  385  (1864). 
g  Compt.  Rend.,  cxxv,  1051  (1902). 
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accompanied  bj  chlorine,  but  that  evidence  for  a  definite 
monohydrate  stage  is  slight.  Cushman  proposes  to  account 
for  the  relations  of  water  of  crystallization  m  salt  complexes 
upon  the  hypothesis  that  oxygen  can  be  quadrivalent  and  for 
the  tetrahydrated  thallic  chloride  suggests  the  symbol 

H         /CI=o/g 


H>0  =  C1     6     T.(^-     \g 


and  for  the  crystalline  compound  obtained  by  Meyer  when  the 
preparation  of  the  hydrous  thallic  chloride  is  attempted  in 
presence  of  hydrochloric  acid  the  related  symbol 

I         /Cl=  o  <  „ 
H— Cl  =  CI  —  O  —TV  >  5 

k      \ci=o<(g 

For  the  molecule  of  hydrous  aluminium  chloride  Cushman 
suggests  that  the  water  is  held  within  the  complex  in  a  manner 
suggested  by  the  symbol 

H     H 

6—6  —  Cl 

X    II    II 

Al   6  — (^—Cl 

\      ik     ri 
\    H     H 

0_(')_Ci 
li     k 

which  brings  out  the  observed  fact  that  water  cannot  be  broken 
from  the  molecule  without  formation  of  hydrogen  chloride,  at 
least  in  the  primary  action.  The  application  of  Cushman's 
hypothesis  of  the  quadrivalent  linking  of  oxygen  in  hydrous 
salts  has  been  made  in  a  former  paper  from  this  laboratory* 
to  the  comparative  phenomena  observed  when  certain  typical 
hydrous  salts,  Bad,- 2H,0,  MgCl, '611,0,  and  AlCl,  •  6H,0 
are  dehydrated  in  air  and  in  an  atmosphere  of  hydrogen  chlo- 
ride. It  was  shown  that  the  phenomena  of  these  salts  are  in 
harmony  with  the  assumption  of  the  symbols 

*  Gooch  and  MoClenahan  :  this  Jonmal,  xvii,  865  (1904). 
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H      H 

/„  i-6_ci=o/«        /i    I 

Ba'^  >^     M-      5       5  Al    0-6 

.^-1-^>=<S         \h    H 

6  —  6 


H       H 


\ 


I 


in  which  the  molecules  of  water  which  may  be  expelled  easily 
by  heat  without  loss  of  hydrogen  chloride,  and  at  the  same 
rate  in  air  and  in  hydrogen  chloride,  are  placed  outside  the 
chlorine  of  complex,  while  those  molecules  of  water  which  are 
removed  with  more  difficulty  and  at  a  rate  affected  by  the 
environment,  air  or  hydrogen  chloride,  are  placed  inside  the 
chlorine.     Tlie  suggestion   was   made   that   the  influence  of 
hydrogen  chloride  as  compared  with  that  of  air  upon  mole- 
cules outside  the  complex  is  insignificant,  while  upon  mole 
cules  of  water  within    the  complex  the  effect   may  appea 
variably,  according  to  conditions,  (1)  in  a  retardation  of  deVi^ 
dration  and  greater  stability  of  the  whole  complex,  or  (2) 
acceleration  of  dehydration  with  formation  of  the  anhydr^ 
chloride  or  with  hydrolysis  implying  loss  of  hydrogen  cnlor^ 
and  formation  of  a  residual  hydroxide  or  oxide. 

In  the  present  paper,  the  changes  which  the  thallium  cl:^ 
ride  TlCl,  •  4H,0  undergoes  when  heated  in  air  and  in  hyA 
gen  chloride  have  been  studied  and  discussed  in  relation  to  tr^ 
hypothesis  of  quadrivalent  oxygen. 

Experimental  Part, 

Thallous  nitrate  was  dissolved  in  distilled  water  and  t- 
thallium  precipitated  as  the  chloride  l)y  means  of  hydroehlo^ 
acid.  The  precipitate  was  filtered  on  asbestos  and  w^ash^ 
thoroughly  of  all  hydrochloric  acid.  It  was  then  transferr^ 
to  a  test  tube  and  c'lilorinated  until  the  last  traces  of  the  sol 
were  gone.  The  solution  was  evaporated  to  incipient  crvstf=3 
lization  and  allowed  to  stand  until  the  clear  crystals  of  thalL 
chloride  appeared.  These  were  removed,  dried  by  means  c_ 
filter  papers,  desiccated  for  a  brief  period  and  a  sample  takc=' 
for  analysis. 

The  chlorine  in  the  vsalt  was  estimated  by  the  usual  silvC 
chloride  nietliod,  making  sure  of  enough  nitric  acid.  Tb 
thallium  was  estimated  as  thallous  sulphate.^     A  weighed  po' 

*  Browning  :  this  Journal,  ix,  137  (11)00). 
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tion  of  the  salt  was  transferred  to  a  crucible  and  a  few  drops 
of  sulphuric  acid  added.  This  was  evaporated  and  the  tem- 
perature was  raised  to  approximately  200°  C.  The  crucible 
was  cooled  in  a  desiccator  and  weighed,  the  weight  of  the 
residue  was  taken  to  be  the  acid  thallous  sulphate.  The  cru- 
cible was  again  heated  and  the  temperature  was  raised  to  that 
of  dull  redness.  After  a  suitable  period  of  cooling  it  was 
again  weighed,  and  the  weight  of  the  residue  reckoned  as  the 
normal  thallous  sulphate. 

Composition  of  the  Salt, 


Preparation  I. 

Found. 

Thallium 53-74 

Chlorine 27-81 

Water  (by  difference)  18*45 


Theory  for  TlCl3'4H,0. 

53-36 
27-80 
18-84 


lOO-OO 


100-00 


Weighed  portions  of  this  salt  were  transferred  to  weighed 
porcelain  boats  which  were  placed  in  combustion  tubes  passing 
through  a  water  bath  after  the  fashion  of  boiler  tubes.  A 
slow  current  of  dry  air  was  sent  through  the  tubes  kept  at 
100°.  At  the  end  of  an  hour  the  boat  was  removed  and 
weighed.  The  residue  in  the  boat  was  dissolved  in  water  con- 
taining nitric  acid  and  the  chlorine  estimated  by  precipitation 
and  weighing  as  silver  chloride.  The  calculated  composition 
of  the  salt  is  given  below. 


Dehydration  of  TlCl^'J^If^O  at  100"^,  in  one  hour. 

Weight  of 

salt  taken.  Loss.  Per  cent 

grms.  firrms.  Iosr. 


0-1572 
0-1015 
0-2252 
0-2221 
0-1343 
0-1719 


Loss, 
p^ms. 

0-0282 
0-0298 
00402 
0-0396 
0-0237 
0-0308 


17-94 
18-45 
17-85 
17-83 
17-65 
17-92 


Chlorine  in 

residue. 

grm. 

0-0430 

00447 

0-0r)*20 

0-0614 

0-0371 

0-0473 


Chlorine 

in 
residue. 

27-36 
27-68 
27-55 
27-65 
27-63 
27-51 


Loss  of 
Chlorine. 
Per  cent. 

•45 
•13 
-26 
-16 
-18 
-30 


Obviously  the  hydrolytic  decomposition  during  the  process 
of  dehydration  at  100°  is  very  small  in  the  case  of  the  hydrous 
thallium  chloride  T1C1,*4H,0.  By  the  i)a8sage  of  dry  air  at 
100°  over  the  salt  for  an  hour,  nearly  anhydrous  thallic  cliloride 
was  obtained,  with  small  loss  of  chlorine,  averaging  about  1 
per  cent  of  the  entire  amount  in  the  original  salt.  The  anhy- 
drous residue  was  crystalline  and  sparkling  in  the  sunlight,  but 
highly  hygroscopic. 
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In  the  series  of  experiments  next  recorded,  another  prepara- 
tion of  the  hydrons  thallic  chloride  was  dehydrated  at  various 
fixed  temperatures  in  air  or  in  hydrogen  chloride,  the  loss  of 
weight  after  a  detinite  interval  was  noted,  and  the  chlorine 
determined  gravimetrically  in  the  residues.  The  details  of  the 
experiments  are  eiven  in  the  following  statement.  The  course 
of  dehydration  m  air  and  in  hydrogen  chloride  and  the  action 
of  hydrogen  chloride  upon  the  salt  are  represented  in  the 
digram. 

It  is  to  be  noted  in  the  first  place  that  although  the  prelim- 
inary analysis  indicated  a  composition  of  the  preparation  of 
the  hydrated  thallic  cidoride  used  in  these  experiments,  the 
cioee  correspondence  with  the  symhol  T1C1,'4I1,0,  there  is  an 
apparent  slight  gain  in  the  chlorine  contents  of  the  chloride 
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when  heated  in  air  neariy  thnmgliotit  the  series.  This  is  prob- 
ably dne  to  an  incipient  dehydration  of  the  salt  liefore  it  was 
weighed  out  for  the  work,  and  the  slight  deficiency  in  the  total 
amount  of  water  generally  found  points  in  the  same  direction. 
Inasmuch,  however,  an  it  iis  a  comparison  of  the  behavior  of 
the  salt  in  air  with  its  beliavior  in  an  atrnospheie  of  hydrogen 
chloride  which  is  to  be  studied,  this  trifling  variation  from 
normal  constitution  is  not  important. 

It  is  manifest  that  the  hydrous  chloride  takes  on  hydrogen 
chloride  in  some  degree  in  an  atmosphere  of  that  gas  at  all 
experimental  temperatures  below  100°,  and  this  is  witliout 
doubt  due  to  the  tendency  of  the  salt  to  form  under  the  con- 
ditions of  the  chlorthallic  acid  observed  by  Meyer.  At  tempera- 
tures below  50°,  the  loss  of  water  in  an  atmosphere  of  hydrogen 
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chloride  is  small,  while  the  addition  of  hydrogen  chloride  is  rela- 
tively considerable.  For  this  range  of  temperature  in  an  atmos- 
phere of  hydrogen  chloride,  the  constitution  of  the  salt  corre- 
sponds to  tlie  symbol  of  the  chlorthallic  acid,  T1C1/3H,0*HCI, 
with  some  of  the  liberated  water  retained  by  the  hygroscopic 
compound.  At  60°  and  70°  this  hygroscopic  water  volatilizes  and 
the  substance  has,  approximately,  the  composition  represented 
by  the  symbol  T1CI,'3H,0-HC1 ;  at  80°  the  composition  sug- 
ffests  the  formation  of  some  T1C1,-II,0-HC1 ;  while  at  90° 
hydrogen  chloride  with  more  water  is  leaving  the  salt,  and  at 
100°  after  an  hour's  heating,  and  at  110°  after  a  half  hour,  the 
composition  corresponds  to  a  mixture  of  salts,  T101,*II,0*HC1 
and  perhaps  some  T1C1,-3II,0-IIC1  with  T1C1,-H,0.  At  115° 
after  a  half  hour  tlie  hydrogen  chloride  is  nearly  gone  and  the 
further  dehydration  of  TlCl,*IIaO  has  begun  ;  and  at  120°  the 
product  is  practically  the  anhydrous  salt,  TlCl,,  slightly  reduced 
to  the  thallous-thallic  chloride.  When  a  comparison  is  insti- 
tuted between  the  results  obtained  by  heating  the  salt  in  air  to 
temperatures  above  100°,  where  the  chlorthallic  acid  is  break- 
ing down,  and  those  obtained  under  similar  conditions  of  tem- 
perature in  hydrogen  chloride,  it  is  obvious  that  dehydration 
of  the  salt  T1C1,'H,0  is  inhibited  by  an  environment  of  hydro- 
gen chloride. 

Reverting  now  to  Cushman's  diagram*  of  the  results 
obtained  by  long  exposure  of  the  hydrated  thallic  chloride, 
T1C1,'4H,0,  in  desiccatoi's  at  the  ordinary  temperature,  it 
appears  that  two  molecules  of  water  disappeared  from 
the  salt  in  the  course  of  a  week,  that  X\\q  third  molecule 
required  for  its  removal  five  weeks,  and  that  the  fourth  mole- 
cule vanished  only  after  fifteen  weeks  more.  The  general 
order  of  the  phenomena  is  in  accord  with  the  observations 
recorded  above  for  the  behavior  of  the  salt  at  higher  tempera- 
tures during  the  interval  of  an  hour. 

As  appears  from  Cushman's  diagram,  the  preparation  of  the 
dehydrated  chloride,  T1C1,*2H,0,  should  be  very  easy.  This 
salt  was  therefore  made  the  starting  point  of  a  series  of  experi- 
ments upon  the  rate  of  dehydration  m  air.  A  new  sample  of 
the  chloride,  T1C1,'4H,0,  was  crystallized  out  and  this  was  desic- 
cated over  calcium  chloride  for  three  days,  until  upon  analysis 
the  residue  was  found  to  have  the  constitution  shown  by  the 
symbol  T1C1,'2H30.  In  this  analysis  the  chlorine  was  deter- 
mined, as  usual,  in  the  form  of  silver  chloride,  precipitated  in 
presence  of  a  sufficiency  of  nitric  acid,  and  the  thallium  was 
estimated  as  the  light  yellow  thallium  chlorplatinate  precipi- 
tated by  chlorplatinic  acid  from  the  solution  of  the  thallous 
salt  reduced  by  sulphur  dioxide  and  weighed  on  asbestos. 

*  Loc.  cit. 
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Composition  of  the  Salt. 


Thallium 

Chlorine 

Water  (by  difference) . . 


I. 

69-18 
30-77 


Fonnd. 
II. 

69-24 
30-72 


Mean. 

69-21 
30-74 
10-05 

100-00 


Theory  for 
T1C1,-2H,0. 

6891 
30-70 
10-39 


100-00 


Portions  of  this  salt  were  submitted  to  dehydration  in  air  in 
the  manner  previously  described,  the  boats  ^lolding  the  sub- 
stance being  neated  in  the  tube-bath,  generally  for  intervals  of 
fifteen  minutes,  and  then  cooled  in  a  desiccator  and  weighed. 
The  data  of  these  experiments  are  shown  in  the  following 
table  and  diagram : 

Dehydration  of  TlCl^'2H^0,  in  Air. 


hi 


1^ 


• —  I 

m.  0-OO97 
at.  3-0^ 

DO.  0-O191 
ttt.  5'oS 
m.  0-0^09' 

nt.  6-7B 
rm.  0-O168 
oxt  5-4:5 
rntt-  0O1S7 
c«ut.  7-88 
rtt».  0*01771 
tceBt  7-87 


Loss  of  Weight. 

Ohio- 

Wa 

—    —    ._     —   _ 

—   — 

-     -                       --         - 
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nne 

Id 

H      H 

^ 

H        H        Va 

Ya. 

Vi 

2 

loss. 

hr.       hr. 

hr. 
00197 

hr.         hr.         hr. 
00221    00243    002oO 

hr. 
0-0255 

hr.. 
0  0269 

hrs. 

^ 

/ 

0-0134  00160 

0-0273 

5-42     6-48 

800 

8-94       9-88      10-12 

10-32 

10-89 

11-05 

o-oi 

10 

00248  00266 

00276 

00308   0-0345    00358 

0-0371 

0-0JJ82 

0-0390 

7-21     7-78 

802 

8-95      1003      10-40 

10-78 

11-10 

11-33 

0-54 

16 

00241  00263 

0-0283 

00302|  00335    .... 



7-82     8-53 

9-18 

9-80      10-87     ,     ... 



0-50 

1  10 

00221  00237 

00256 

00281    00306   00324 



m  m   ^  m 

717     7-69 

8-31 

912       9-93      1052 



0-61 
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00217  0  0285 

00254 

00264   0-0279,   .... 





8-68     9-40 

1016 

10-56      11  16     1   .... 
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0-45 

10 

00192  00208 

00221 

0-02281  00235:   .... 
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8-53     '902 

9-82 

1013      10-45 



1 



0-51 
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The  residues   remaining   after   heating  were  treated  with 
^ater,  the  small  amounts  of  thallo-thallic  chloride  found  in 
^very  case  and  indicating  the  slight  decomposition  of  the  thal- 
Hc  chloride  were  dissolved  by  nitric  acid,  and  the  combined 
chlorine  was  precipitated  as  silver  chloride.     The  diiference 
between  the  chlorine  thus  found  and  the  chlorine  of  the  origi- 
nal salt  is  tabulated  as  *'  chlorine  lost "  in  the  process  of  dehy- 
dration.    The  loss  of  water  was  computed  as  the  difference 
between  the  total  loss  observed  and  the  hydrogen  chloride  cor- 
responding to  the   chlorine   lost.     From   these   results   it   is 
obvious  that  the  salt  of  constitution  corresponding  to  the  sym- 
bol T1C1,;2H,0  loses  the  first  molecule  of  water  (5-2;?)  with 
comparative  ease,  while  the  second  molecule  disappears  grad- 
ually on  prolonged  heating. 
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Taking  into  consideration  all  the  observed  phenomena  which 
have  been  described,  it  appears  that  the  water  in  the  hydrous 
thallic  chloride  T1C1,*4H,0  is  held  in  the  complex  in  three  dif- 
ferent ways,  and  that  the  relation  may  be  reasonably  expressed 
by  the  symbol  TlCl/n,0-H,0-2H,0,  the  fourth  molecule  of 
water  being  removed  less  easily  in  an  atmosphere  of  hydrogen 
chloride  than  in  air.  We  have,  therefore,  the  sequence  of 
changes  during  dehydration  represented  by  the  foUowing 
symbols : 

In  air.  In  HCl. 

T1CLH,0H,0-2H,0  T1C1,H,0H  0-2H  6 

T1CI,H,0H,0  T1CI.H,0HC1-2H0 

T1C1,H,0  TlCI.Il^O 

TICI,-  TICI,. 

These  symbols  and  the  phenomena  which  they  cover  may  be 
represented  upon  the  hypothesis  of  quadrivalent  oxygen  by 
Cushman's  symbol  and  its  derivatives. 

H 


0  =  C1— O— Tl' 


"  >0=C1— O  —IT 

"/  it        \C1 


CI  —  6  —TV 

Cl-Tl/g 

The  author  wishes  to  express  his  appreciation  of  the  kind 
advice  of  Prof.  F.  A.  Gooch  in  the  preparation  of  this  paper. 
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Art.  XVI. — A  Study  of  the  Structure  of  Paleozoic  Cock- 
roaches^ with  Descriptions  of  New  Forms  from  the  Coal 
Measures;*  by  E.  H.  Sellards.  (With  Plate  I  and  thirty- 
seven  figures  in  the  text.) 


Contents. 
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Localities  and  collections. 

Acknowledgments. 

Nomenclature  used  in  dealing  with  the  nymphs. 

Terminology  of  the  veins  of  the  wing. 

Structure  of  Paleozoic  Cockroaches. 

Head.  Hind  wings.  Ovipositor. 

Thorax.  Legs.  Cerci. 

Front  wings.  Abdomen.  Development. 

Classification  and  Description  of  Paleozoic  Cockroaches. 

Description  of  genera  and  species,  including  nymphs. 
Hind  wings  not  in  connection  with  the  front  wings. 

General  Considerations. 


Introduction. 

The  well-known  habits  of  many  species  of  cockroaches, 
their  abundance,  and  comparatively  generalized  structure  have 
made  them  familiar  insects  and  favorite  objects  of  study. 
They  are  a  characteristic  and  easily  recognized  group,  sepa- 
rated from  all  other  insects  by  a  number  of  important  struc- 
tural differences.  The  body  is  flat  and  carried  close  to  the 
ground.  Progression  is  by  a  rapid  scurrying  motion.  The 
tergum  of  the  first  thoracic  segment,  or  pj'onotum,  is  large, 
broad,  and  typically  more  or  less  sliield-shaped,  forming  a 
shelter  under  which  the  small  flat  head  can  be  more  or  less 
completely  withdrawn.  The  anal  area  of  the  front  wing  is 
distinctly  marked  off  by  a  strong  furrow.  In  recent  species 
the  abdomen  of  the  female  has  undergone  considerable  modi- 

*  A  paper  prepared  in  the  laboratory  of  paleontology.  Yale  University 
Museum,  and  constituting  part  of  a  thesis  presented  in  May,  1903,  to  the 
faculty  of  the  Graduate  School  of  Yale  University  for  the  Degree  of  Doctor 
of  Philosophy.  As  published  here,  it  has  been  found  necessary  to  omit  from 
the  systematic  part  of  the  paper,  as  originally  prepared,  descriptions  of  some 
of  the  new  species,  with  the  expectation  that  later  these  will  be  described 
elsewhere.  The  structural  and  general  part  of  the  paper,  however,  remains 
unchanged,  except  for  the  addition  of  the  brief  discussion  of  the  classifica- 
tion of  Paleozoic  cockroaches,  and  a  life-size  restoration  of  the  large  cock- 
roach Archoblattina  Beecheri  Sellards. 

Am.  Jour.  Soi. — Fourth  Series,  Vol.  XVIII,  No.  104.— August,  1904. 
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fication  as  a  result  of  a  specialized  arrangement  of  the  repro- 
ductive parts.  A  double  fold  iuthe  ventral  integument  forms 
a  characteristic  genital  pouch,  bounded  in  front  and  above  by 
the  eighth  and  ninth  ana  perhaps  a  vestige  of  the  tenth  sterna, 
and  below  by  the  enlarged  seventh.  The  main  function  of 
this  pouch  is  to  retain  the  egg  case  while  the  eggs  are  being 
placed  in  it,  and  in  some  species  during  the  period  of  incuba- 
tion. The  ovipositors  have  become  very  much  reduced  and 
adapted  to  serve  the  specialized  function  of  guiding  the  eggs 
into  the  egg  case.  The  terga  of  both  male  and  female  have 
also  become  more  or  less  reduced.  As  will  be  seen  from  the 
present  study,  the  abdomen  and  ovipositor,  as  well  as  the  front 
and  hind  wings  of  the  paleozoic  cockroaches,  are  in  important 
respects  more  generalized  than  in  their  living  descendants. 

llutorieal  Hesinne, — The  cockroaches  of  the  paleozoic  have 
been  known  heretofore  for  the  most  part  from  the  wings  only. 
Being  farther  removed  from  the  organic  juices  of  the  decay- 
ing body,  the  wings  stand  a  better  chance  of  preservation, 
especially  the  more  or  less  coriaceous  and  resistant  tegmina. 
The  body,  on  account  of  the  large  amount  of  organic  matter 
present,  decays  more  rapidly,  and  no  doubt  often  served  as 
food  for  the  numerous  animals  inhabiting  the  water  at  that 
time ;  hence  is  much  more  rarely  preserved.  The  chitinous 
nature  of  the  wings,  on  the  contrary,  renders  them  compara- 
tively resistant.  Moreover,  as  suggested  in  an  earlier  paper,  it 
is  probable  that  some  of  the  small  batrachians,  dragon  flies,  or 
spiders,  found  in  the  same  deposits,  may  have  acquired  the 
habit  of  biting  off  and  rejecting  the  wings,  as  do  the  recent 
dragon  flies,  bats,  and  some  arachnids.  The  detached  wings 
are,  moreover,  readily  carried  by  currents  of  water  into  places 
where  permanent  deposits  are  accumulating.  The  distinction 
between  the  paleozoic  and  recent  forms  was  originally  based 
almost  entirely  on  differences  in  the  front  wings.*  Some 
additional  knowledge  of  the  structure  of  other  parts  of  the 
body  has  since  accumulated  from  the  studies  of  a  considerable 
number  of  investigators,  among  whom  are  Scudder,  Brongn- 
iart.  Woodward,  Deichmiiller,  Goldenberg,  Geinitz,  Gerniar, 
and  others.  After  the  tegmina,  the  pronotum  is  the  part  of 
the  body  most  commonly  preserved,  and  has  been  described  in 
connection  with  the  wings  by  several  authors,  especially  by 
Scudder  and  by  Brongniart.  The  habit  of  concealing  the 
head  beneath  the  pronotum  was  evidently  already  developed 
in  paleozoic  time,  and  it  is  usually  rare  that  any  portion  of  the 
head  is  apparent.  Woodward  detected  parts  of  the  head  on 
Etoblattina  Peachii  and  Leptohlattina  exilis^  on  both  of  which 

♦Scudder,  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  iii,  p.  29,  1879. 
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the  top  of  the  head  and  the  line  dividing  the  epicranium  may 
be  seen.*  But  previous  to  the  present  study,  the  eyes  and 
antennse  had  not  been  observed.  Surprisingly  few  hind  wings 
have  been  described.  Brongniart  has  figured  some  good  ones 
without  description.f  Goeppert  in  his  Fossile  Flora  der  per- 
mischen  Formation,  Plate  28,  figures  under  the  specific  name 
JSlcUtina  neuropteroidea^  what  is  evidently  a  small  hind  wing. 
In  Bulletin  124  of  the  LT.  S.  Geological  Survey,  Scudder  has 
described  several  additional  hind  wings  and  reviewed  those 
that  had  come  to  his  notice  up  to  that  time.  The  legs,  with 
the  exception  of  the  tarsus  and  basal  elements,  have  previously 
been  described  in  a  general  way.  Deiclimiiller's  Etohlattina 
HaheUata^  var.  Stelzneri^  preserves  on  the  type  specimen  the 
outlines  of  the  coxae,  trochanters,  femora,  and  tibi8e.:j:  The 
Anthracohlattina  sopita  Scudder  {Blattina  didyma  Geinitz) 
shows  the  femur  and  tibia  of  the  second  pair  of  legs  and  the 
femur,  tibia,  and  a  part  of  the  tarsus  of  the  third  pair.§  Indi- 
cations of  legs  have  been  noticed  by  various  authors  on  a 
number  of  specimens. 

The  sword-shaped  ovipositor  first  noticed  by  Brongniart||  is 
one  of  the  most  striking  differences  between  paleozoic  and 
recent  cockroaches.  The  presence  of  the  ovipositor  can  now 
be  verified  from  American  material,  and  its  structure  more 
fully  described.  Woodward  had  previously  recognized  the 
presence  of  cerci  on  these  fossils  and  distinguished  the  ten 
abdominal  terga,  observing  that  the  eighth  and  ninth  were  not 
reduced  as  in  the  living  forms.  The  writer  in  a  short  paper 
appearing  in  the  April,  1903,  issue  of  this  Journal,  gave  some 
additional  structural  characters  of  paleozoic  cockroaches.  Mr. 
A.  L.  Melander  in  the  February-March  number  of  the  Journal 
of  Geology,  1903,  published,  however,  during  the  month  of 
April,  figures  an  additional  cockroach  from  Mazon  Creek. 

Localities  and  Collections, — Almost  all  tlie  American  mate- 
rial preserving  the  structure  of  the  body  has  come  either  from 
the  Middle  or  L<3wer  Coal  Measures  at  Mazon  Creek,  Illinois, 
or  from  the  Upper  Coal  Measures  at  Lawrence,  Kansas.  In 
the  spring  of  1901,  the  writer  discovered  tl)e  presence  of  fos- 
sil insects  among  plants  collected  by  Mr.  Martin  and  himself, 
from   the   Haverkampf  farm  near  Lawrence.^      Subsequent 

♦  Geological  Magazine,  Decade  3,  vol.  iv,  p.  49,  1887 ;  ibid.,  p.  488. 
f  Histoire  des  Insectes  Fossiles,  atlas,  pi.  47,  1898. 
Sitzangsb.  Gesellsch.  Isis,  vol.  xxxiv,  p.  84,  1882. 
,  Geinitz,  Nenes  Jahrb.  ftlr  Min. ,  pp.  4-5,  1875. 

Comptea  Rendus,  Feb.  4,  1889,  p.  ^52  ;  Hist,  des  Ins.  Foss.,  p.  417,  1894. 
^  A  single  specimen  from  a  nearby  locality  in  the  same  formation,  fonnd 
many  years  earlier  by  Mr.  Joseph  Savage,  was  sent  to  Lacoe  and  subsequently 
described  by  Scndder  as  Etoblattina  occidentalis  (Mem.  Boston  Soc.  Nat. 
Hist.,  vol.  iv,  No.  9,  p.  410,  pi.  32,  fig.  4,  1890). 
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visits  to  the  locality  resulted  in  the  discovery  of  as  many  as 
iifty  specimens,  indicating  the  comparative  abundance  of  the 
insects.  Later  in  the  summer  the  Kansas  Geological  Survey 
sent  a  party  into  the  field  and  obtained  in  all  over  two  hundred 
specimens,  among  them  a  considerable  number  of  immature 
forms,  or  nymphs,  or  more  properly  in  most  cases  the  shed- 
dings  or  moults  of  nymphs.  In  the  fall  of  the  same  year. 
Professor  C.  E.  Beecher  very  generously  placed  at  the  writer's 
disposal  for  study  the  Yale  collection  oi  paleozoic  cockroaches, 
especially  rich  both  in  nymphs  and  in  adults  preserving  structural 
characters.  During  tlie  past  two  summers  the  writer  has 
almost  doubled  the  original  number  of  specimens  from  the 
Lawrence  Shales,  the  later  collections  containing  es|>ecially 
instructive  nympiis.  More  recently,  Mr.  diaries  Scliuchert  has 
very  kindly  sent  for  comparison  and  study  the  cockroaches 
from  Mazon  Creek  contained  in  the  Lacoe  collection  of  the 
United  States  National  Museum.  Mr.  L.  E.  Daniels,  through 
Mr.  Schuchert,  has  loaned  from  his  private  collection  several 
specimens  from  the  Mazon  Creek  locality.  During  the  sum- 
mers of  1902  and  1903  the  writer  also  obtained  a  collection  of 
over  two  thousand  fossil  insects  from  a  new  locality  hi  the 
Permian  of  Kansas.  Cockroaches  in  the  Kansas  Permian  are 
very  much  in  the  minority  as  compared  with  other  families. 
A  considerable  number,  however,  were  secured,  and  these, 
although  not  described  in  detail,  have  been  useful  in  compar- 
ing with  those  from  lower  horizons. 

Acknowledgments, — The  results  of  an  investigation  of  this 
kind  depend  to  a  considerable  extent  upon  the  success  of  devel- 
oping and  cleaning  the  fossils.  This  is  especially  true  of  the 
Mazon  Creek  specimens,  in  which  the  contrast  between  fossil 
and  matrix  is  oft^n  slight,  and  the  indurated  nodules  are  diffi- 
cult to  work.  It  was  the  writer's  good  fortune  in  this  study  to 
have  the  advantage  of  the  direction  and  guidance  of  the  late 
Professor  C.  E.  beecher,  whose  skill  in  preparing  and  wide 
experience  with  fossils  made  his  suggestions  of  inestimable 
value.  Moreover,  not  a  little  of  the  skill  and  ingenuity  for 
which  this  master  of  paleontological  technique  was  famous  had 
been  expended,  with  the  usual  excellent  results,  on  several  of 
the  Mazon  Creek  specimens  of  the  Yale  Museum  before  the 
collection  came  into  the  writer's  hands  for  study.  It  is  also  a 
pleasure  to  acknowledge  indebtedness  to  Dr.  S.  W.  Williston, 
Mr.  Charles  Schuchert  and  Mr.  L.  E.  Daniels.  Dr.  Williston 
encouraged  the  development  of  the  Lawrence  locality,  and 
made  the  collections  belonging  to  the  University  of  Kansas 
accessible  for  study.      Mr.  Schuchert  has  contributed  not  a 
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little  by  supplying  iinportaot  types  from  the  National  Museum 
collection.  The  specimens  sent  by  Mr.  Daniels  have  been  of 
the  greatest  interest,  as  adding  to  the  collections  from  the 
famous  Mazon  Creek  locality. 

Nomenclature  used  in  dealing  with  the  Nymphs. — In  attempt- 
ing the  study  of  a  collection  of  fossil  cockroaches,  including 
numerous  specimens  in  the  nymph  stages,  the  investigator  is 
met  at  the  outset  by  the  perplexing  question  of  nomenclature. 
It  will  rarely  be  found  possible  to  identify  all  the  nymphs  with 
their  respective  adult  species.  When  only  a  few  nymphs  are 
to  be  dealt  with,  no  great  inconvenience  results  from  simply 
referring  them  to  their  tribe,  or  genus,  if  possible,  as  immature 
forms.  But  when,  as  in  the  present  instance,  a  large  number 
are  at  hand  which  separate  themselves  naturall}^  into  specific 
groups,  some  means  of  designating  a  group  as  a  whole  becomes 
practically  necessary.  Accordingly,  in  a  few  instances  specific 
names  have  been  retained  or  proposed  for  well-defined  species 
as  a  means  of  reference  until  their  connection  with  adults 
can  be  established.  Inasmuch  as  it  is  difficult,  if  not  impos- 
sible, to  distinguish  the  closely  related  genera  of  the  tribe 
Mylacridse  in  the  nymph  condition,  it  has  been  thought  admis- 
sible to  use  the  type  genus  Mylaaris  in  a  somewhat  extended 
sense,  to  include  the  nymphs  of  the  tribe.  Etohlaitina  is  used 
in  the  same  way  to  some  extent  for  the  Blattinariae,  although 
this  tribe  is  more  varied,  and  generic  characters  seem  to  appear 
earlier. 

Terminology  of  the  Veins  of  the  Wing. — The  system  of 
designating  the  veins  used  in  the  description  of  species  in  the 
present  paper  is  that  developed  by  Kedtenbacher  and  now  for- 
tunately coming  into  general  use  in  entomology.  This  recog- 
nizes in  the  typical  wing  five  main  veins,  aside  from  those  of 
the  anal  area.  It  is  much  to  the  credit  of  this  system  that  it 
is  readily  applicable  to  the  wings  of  the  simple  and  compara- 
tively unspecialized  insects  of  the  ]>aleozoic.  A  great  deal  has 
been  done  in  recent  vears  to  establish  the  essential  unitv  of  the 
plan  of  structure  of  the  wing  and  to  discover  the  homologies 
of  the  main  veins  in  the  different  orders  of  insects,  with  the 
result  that  many  entomologists  are  now  convinced  that  all 
winged  insects  have  descended  from  a  common  winged  ancestor. 
The  complicated  arrangement  of  the  veins,  so  difficult  to 
decipher  in  the  wings  of  many  living  adult  insects,  becomes 
more  and  more  simple  as  the  phylum  is  traced  toward  its  point 
of  origin.  As  paleontological  evidence  becomes  more  complete, 
the  steps  in  the  differentiation  of  the  wing  can  be  more  closely 
followed.     Inasmuch  as  the  terminology  of  the  veins  and  their 
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areas  used  in  tbie  paper  ie  di£Eerent  from 
that  proposed  by  Heer  and  employed 
lieretoforo  in  the  literature  of  American 
paleozoic  insects,  it  has  been  thought  ad- 
visable to  introduce  a  sketch  of  the  wing 
of  a  typical  member  of  the  Paleoblat- 
tidee,  giving  Redtenbaeher's  and  Heer'a 
names  in  parallel  eolnnins. 


Ee 

dtenbacher. 

to  cockroaches. 

1. 

3. 
4 
5 
6. 

Costa. 

Subcosta. 

Radius. 

Media. 

Cubitus. 

Agal  veins, 

Marginal 

Mediastinal. 

Scapular. 

Externomedian 

IntornomediaD. 

Anal  veins. 

Structure  of  Paleozoic  Cockroaches. 

Head. — The  head  is  small,  flattened,  and  capable  of  being 
withdrawn  partly  or  entirely  beneatli  the  ])roiiotuni.  The  part 
most  commonly  seen  is  the  top,  or  top  and  front.  The  sutures 
dividing  the  parts  of  the  bead  are  often  discernible.  The  eyes 
are  placed  well  up  toward  the  top.  Their  shape  is  obscured 
by  crushing,  but  they  were  large  and  apparently  elongate  or 
reniform.  The  frons  or  clypeus  posterior  is  occasional ly 
recognizable  (Text-Hgure  9).  The  mandibles  have  not  been 
observed.  Supposing  them  to  have  been  as  firmly  chitinized 
as  at  present,  their  absence  where  more  delicate  structures  are 
preserved  is  unexpected,  and  suggests  the  possibility  that  the 
early  cockroaclica  may  have  fed  on  soft  vegetation,  and  have 
had  less  strongly  chitinized  mandibles  than  their  omnivorous 
descendants.  The  autennte  are  long,  slender,  and  many  jointed. 
They  are  enlarged  at  the  base  and  united  to  the  head  by  a  cir- 
cular socket-like  attachment  (Text-figm-es  4  and  19). 

Thorax. — The  segments  of  the  thorax,  as  in  living  generalized 
insects,  are  not  fused  or  closely  united.  Tlie  pronotum  presents 
considerable  variation  in  shape  in  the  different  genera  and 
species,  and  goes  through  a  regular  scries  of  changes  during  the 
growth  of  the  individual.  At  fii-st  the  posterior  border  is 
straight,  the  lateral  angles  pointed,  and  in  the  Mylacridse 
directed  Iwickward,  As  growth  progresses  the  corners  become 
less  acutely  [tinted,  then  rounded,  and  the  posterior  border 
fuller.  Tiie  ]>rnnotnm  of  the  adults  of  the  tribe  ilylacridie  is 
always  propoi'tionately  broad,  but  with  a  rounded  posterior 
border.     Among  tlie  Blattiuariie  the  modification  progresses 
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farther,  many  of  the  adults  of  this  tribe  having  an  almost  cir- 
cular pronotum.  In  describing  Etoblattina  Peaehii  Wood- 
ward {loc,  cit.)  refers  to  a  prominent  notch  in  the  pronotum. 
From  the  illustration  ffiven  it  would  seem  that  the  notch  was 
not  natural,  but  caused  by  the  decay  and  more  rapid  erosion  of 
the  pronotum  directly  over  the  head,  a  feature  not  uncommon 
in  similar  iron-stone  nodules  from  Mazon  Creek  (Text-figure  7). 

Front  Wings. — The  front  wings  have  been  thoroughly 
studied  by  Scudder  and  others,  and  their  distinctive  and  primi- 
tive characters  pointed  out.  The  four  principal  veins  of  the 
front  wings, — subcosta,  radius,  media,  and  cubitus,  are  distinct 
to  the  base.  In  most  living  forms  two  or  more  of  the  main 
trunks  disappear  by  fusion  with  the  adjoining  veins,  although 
all  four  can  be  seen  in  their  original  position  in  the  living 
nymphs  (Text-figure  37).  The  anal  area  was  well  marked  oflE  as 
early  at  least  as  the  middle  of  the  Carboniferous,  but  the  anal 
veins,  as  Goldenberg  and  Scudder  have  noted,  end  with  rare 
exception  on  the  inner  border,  while,  as  a  rule,  among  living 
forms  the  anal  veins  end  on  the  furrow.  The  tegmiua  were 
for  the  most  part  less  coriaceous  than  those  of  living  forms. 
Well-developed  cross  veins  are  comparatively  rare. 

Hind  Wings. — The  hind  wings  are  thinner  and  more  deli- 
cate than  the  front  and  are  much  less  often  preserved.  They 
do  not  fold  longitudinally  as  do  the  hind  wings  of  living  cock- 
roaches. Cross  veins  as  far  as  known  are  absent.  The  anal 
area  did  not  present  so  great  a  spread  as  that  of  modern  cock- 
roaches, and,  as  Scudder  has  said,  does  not  seem  to  have  been 
plaited  as  in  almost  all  modern  forms.  The  costa  is  submar- 
ginal  and  occasionally  gives  off  one  or  two  superior  branches. 
The  veins  of  this  wing  are  more  uniformly  developed  than  in 
the  hind  wings  of  most  modern  cockroaches.  Strength  is 
obtained  as  in  living  forms  by  a  subcostal  fold.  The  costal 
border  is  nearly  straight  or  a  little  concave  near  the  base. 
The  inner  border  is  full  and  well  i-ounded,  making  the  wing 
broad  in  proportion  to  its  length  (Text-figures  33-36,  and 
Figures  8-10  of  Plate  I). 

Z^egs. — The  legs  are  not  uncommonly  preserved,  showing 
either  as  impressions  through  the  integument  or  projecting 
from  beneath  the  body.  The  second  pair  is  somewhat  larger 
than  the  first,  and  the  third  longer  than  the  second,  indicating 
that  progression  was  by  running.  The  tibia,  of  some  forms  at 
least,  was  spinous  (Text-figures  8  and  14).  The  femur,  on  the 
contrary,  was  probably  smooth,  since  well-preserved  femora 
show  no  indications  of  spines.  The  first  joint  of  the  tarsus 
seems  to  have  been  comparatively  long.  The  number  of  seg- 
ments is  not  distinct  on  any  specimen  at  hand,  but  the  tarsus 
was  terminated  by  a  claw  (Text-figure  23). 
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Abdomen, — Ten  ter^  are  to  be  seen  on  the  abdomen  of  both 
male  and  female.  The  projecting  edges  of  the  terga  are  well 
developed  from  the  third  or  fourth  to  the  ninth.  The  tenth 
tergum  is  smaller  and  more  or  less  rounded.  The  two  eerci 
project  from  beneath  it.  The  seventh,  eighth,  and  ninth 
terga  are  well  developed,  ])reseriting  in  this  respect  a  marked 
contrast  to  the  common  existing  cockroaches,  among  which  the 
corresponding  terga  in  both  male  and  female  are  very  much 
reduced  and  partly  covered  by  the  seventh,  even  in  the  later 
nymph  stages,  ifore  difficulty  is  encountered  in  tlie  study  of 
the  sterna.  They  are  seen  eitlier  in  outline  through  the  terga, 
or,  the  terga  having  been  removed,  are  viewed  directl}'.  The 
firet  sternum,  which  was  doubtless,  as  in  living  forms,  much 
reduced  and  imperfectly  chitinized,  has  not  been  observed. 
The  third  to  the  ninth  can  be  seen  lying  beneath  their  respec- 
tive terga  on  a  few  individuals,  presumably  males.  The 
seventh  sternum  of  the  female  is  enlarged,  rounded,  and  lies 
beneath  the  seventh,  eighth,  and  a  part  of  tlie  ninth,  terga. 
The  relative  position  of  the  part«  can  be  determined  from 
several  specimens  (Figure  12).  The  position  of  the  eighth 
and  ninth  sterna  of  the  female  has  not  been  determined.  As 
Brongniart  has  suggested  (Hist.  Ins.  Foss.,  p.  417),  the  habit 
of  depositing  the  eggs  within  an  egg  ca^e  was  probably  not 
common  at  that  time.  Many  of  the  species  doubtless  deposited 
their  eggs  singly  either  on  the  ground  or  underneath  the  bark  of 
trees  or  within  small  stems.  Certain  paleozoic  ferns  in  imme- 
diate association  witli  cockroaclies  have  been  observed  to  pre- 
sent a  row  of  slits  along  the  rachis,  which  appear  to  have  been 
made  by  such  an  organ  as  the  ovipositor  of  the  Paleoblattidae, 
and,  as  has  been  stated  in  an  earlier  paper,  are  indeed  strik- 
ingly similar  to  scars  seen  on  the  stem  of  the  common  Afnor- 
phafriiticosa  (false  indigo)  and  said  to  be  made  by  katydids.* 
Nevertheless  some  genera  may  have  acquired  the  habit  of  put- 
ting the  eggs  within  egg  cases  as  early  as  the  latter  part  of  the 
Carboniferous.  The  writer  has  recently  obtained  a  fossil  from 
the  Upper  Coal  Measures  of  Kansas  which  has  a  striking 
resemblance  to  the  egg  cases  of  modem  cockroaches  (Figure  25). 

Ovipositor, — The  ovipositor  is  present  on  several  specimens. 
The  parts  of  this  organ  in  one  very  young  individual  of 
Etoblattina  rnazona  (Figure  11)  have  apparently  not  yet 
united,  and  present  a  striking  similarity  to  the  early  stages 
in  the  development  of  the  ovipositor  in   the   Locustidse,  as 

*  A  description  of  the  scars  found  on  the  rachis  of  Tanxiopteris  Brongniart 
and  Qleiiopteris  SeUards  has  been  given  by  the  writer  in  the  Kansas  Univ. 
Qnart.,  vol.  ix,  p.  184,  July,  1900  ;  ibid.,  vol.  x,  pp.  9-12,  Jan.,  1901.  Simi- 
lar scars  on  Tcv.niopferis  from  West  Virginia  are  described  by  Fontaine  and 
.  I.  C.  White  (Perm.  Flora,  p.  92) ;  and  on  Macrotccniopteins  from  Virginia  by 
Fontaine  (Mon.  VI,  U.  S.  G.  S.,  Older  Mes.  Flora,  p.  18,  1888). 
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figured  for  Locueta  by  Dewitz.*  From  this  specimen  it 
appears  that  the  ovipositor  is .  composed  of  probably  three 
pairs,  of  which  the  inner  is  the  smallest.  In  the  later  stages 
when  the  three  paire  have  become  united  the  component  parts 
are  indicated  by  a  groove  down  the  center  (Figure  13). 

Cerci, — The  cerci,  which  are  not  uncommonly  preserved, 
vary  a  good  deal  in  length  in  the  different  genera  and  species, 
from  very  long  as  in  Etohlattina  juvenis  to  a  moderate  length 
as  in  E.  viazona  and  other  species.  Usually  the  cerci  are 
directed  obliquely  to  the  body;  occasionally,  however,  they 
stand  at  right  angles,  as  in  Mylacris  aneeps. 

Development. — The  development,  as  shown  by  the  numerous 
nymphs  of  the  collections  representing  various  stages  in  the 
ontogeny  of  single  species,  is,  as  in  modern  cockroaches  and 
other  Orthoptera,  direct,  the  young  resembling  the  adults  and 
growth  taking  place  by  a  succession  of  moults. 

Classification  and  Description  of  Carboniferous  Cockroaches. 

Order  Orthoptera. 

The  Carboniferous  cockroaches  are  quite  generally  recognized 
as  constituting  a  group  of  family  rank,  tlie  Paleoblattidse,  in 
contradistinction  to  the  modern  family  Blattidae.  In  the  dis- 
position of  the  Paleoblattidie  under  the  larger  divisions,  there 
IS,  unfortunately,  no  such  uniformity  of  usage.  They  are,  by 
some,  separated  entirely  from  their  modern  descendants  and 
included  along  witli  other  insects  in  a  distinct  order,  the  Paleo- 
dictyoptera.  By  others  they  are  referred  directly  to  the 
Orthoptera.  This  diversity  of  classification,  affecting  all  the 
paleozoic  insects,  results  not  so  much,  perhaps,  from  any  dis- 
agreement as  to  the  essential  facts  presented,  so  far,  at  least, 
as  cockroaches  are  concerned,  as  from  a  differen(»e  in  the  view- 
point from  which  the  facts  are  interpreted  and  applied. 

The  chief  contention  for  the  establisiiment  of  the  order 
Paleodictyoptera,  as  expressed  by  Professor  Samuel  H.  Scud- 
der,  is  that  paleozoic  insects  as  a  whole  are  more  closely  related 
among  themselves  than  to  their  (known)  descendants  of  meso- 
zoic  and  later  times, — a  classification  in  which  emphasis  is 
given  to  the  interrelation  of  contemporaneous  but  diverging 

f groups,  or  the  lateral  relation  of  organisms,  rather  than  to  the 
ineal  or  phylogenetic  relation  in  time  of  particular  lines  of 
development.  The  question  of  the  classification  of  paleozoic 
insects  in  general  is  not  within  the  range  of  this  paper  and  will 
not  be  touched  upon  here,  except  in  so  far  as  the  principles 
applied  affect  the  disposition  of  the  Orthoptera  as  represented 
by   the   cockroaches.      The   gap   between    the   Carboniferous 

♦Zeit.  far  wise.  Zool.,  vol.  25,  p.  176,  pi.  12,  figs.  1-11,  1875. 
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representatives  of  modern  Orthoptera  and  the  early  forms  of 
otner  orders  is,  even  at  that  time,  an  actual  one,  indicating  a 
considerable  divergence  in  the  phylogenetic  lines.  On  the 
other  hand,  the  apparent  break  between  Carboniferous  and 
later  Orthoptera  is  accidental  and  due  to  the  fact  that  not  all 
of  the  intermediate  forms  have  been  preserved,  or  if  preserved 
have  not  yet  been  found.  The  object  of  schemes  of  classifica- 
tion, as  is  universally  conceded,  is  to  express,  as  far  as  possi- 
ble, phylogenetic  relations.  Following  this  leading  principle, 
any  natural  group  of  organisms  should  be  recognized  as 
extending  back  in  time  until  a  point  is  reached  at  which  that 
group  coalesces  with  a  group  or  groups  of  coordinate  rank,  or 
unites  with  the  parent  stock.  It  may  often  be  a  matter  of 
difficulty,  owing  to  the  imperfect  geological  record  and  other 
causes,  to  determine  the  exact  point  of  origin  of  a  group  from 
an  ancestral  stock.  In  the  case  of  the  Orthoptera,  however, 
the  evidence  at  hand  seems  conclusive  that  the  order  as  a  dis- 
tinct phylum  is  recognizable  well  into  or  beyond  the  Carbon- 
iferous. Not  only  does  the  body  structure  of  these  early  forms 
present  the  essential  features  of  the  Orthoptera,  but  the 
development,  as  is  here  shown,  is  in  entire  agreement  with  that 
of  modern  forms,  the  young  resembling  the  adults  and  growth 
taking  place  by  a  succession  of  moults  (luring  which  the  wings 
appear  gradually. 

Super-Family  Blattacea, 

The  cockroaches  of  the  Carboniferous,  as  shown  by  the  fore- 
going detailed  account,  are  closely  related  to  those  of  mesozoic 
and  later  times.  The  early  forms  present  not  a  few  generalized 
characters,  such,  for  example,  as  the  protruding  oidpositor, 
lessening  the  interval  separating  them  from  other  primitive 
Orthoptera.  Nevertheless  they  have  already  acquired  many 
of  those  peculiarities  which  distinguish  them  from  all  other 
insects,  notably  the  rounded  shield-shaped  pronotum,  the  small, 
flat,  retractile  head,  the  characteristic  strongly  delimited  anal 
area  of  the  front  w4ng,  the  flat  bodies,  and,  without  doubt,  the 

f)eculiar  scurrying  motion.  The  indications  are  that  their 
labitat  was  much  the  same.  Their  constant  association  with 
fossil  plants,  especially  ferns,  suggests  that  they  were  then,  as 
now,  fond  of  moist  low  places,  with  abundant  vegetation, 
along  the  banks  of  rivers  and  marshes.  Such  differences  as 
are  found  are  those  resulting  naturally  from  development  and 
specialization,  as  increased  differentiation  between  the  front  and 
hind  wing,  greater  complexity  of  the  wing  venation,  and  the 
reduction  of  the  ovipositor  by  specialization.  The  indications 
are  that  the  line  representnig  the  cockroaches  diverges  from 
that  of  other  insects  during  the  early  Carboniferous  or  pos- 
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sibly  before,  and  is  from  that  time  on  a  distinct  and  continuous 
line.  The  customary  separation  of  the  group  into  an  older 
and  a  newer  part, — the  Paleoblattidae  and  the  Blattidae,  while 
in  a  sense  artificial,  is  nevertheless  convenient  as  marking  two 
fairly  distinct  stages  in  the  development  of  the  phylum.  The 
two  families  are  best  included  within  a  single  super-familv 
characterized  as  follows,  and  for  which  the  term  Blattacea  is 
here  suggested : 

Running  Orthoptera;  body  flat  and  carried  close  to  the 
ground ;  tergum  of  the  first  thoracic  segment  (pronotum) 
large,  broad,  typically  shield-shaped ;  head  small,  flat,  inflexed, 
capable  of  being  more  or  less  completely  withdrawn  beneath 
the  pronotum ;  wings  differentiated  into  a  more  or  less  thick 
front  wing,  and  a  thinner,  broader  hind  wing ;  anal  area  of  the 
front  wing  marked  off  by  a  strong  furrow;  hind  wing  not 
folded  in  the  earlier  forms,  folded  in  the  later;  ovipositor 
projecting  from  the  abdomen  in  the  Paleoblattidae,  not,  or  but 
slightly,  projecting  in  the  Blattidae. 

The  geological  range  of  the  Blattacea  is  from  the  Carbon- 
iferous to  the  present.  Of  the  two  families  included,  the 
Paleoblattidae  extend  from  middle  or  early  Carboniferous  to 
the  close  of  the  paleozoic,  possibly  lasting  over  into  early 
mesozoic ;  the  Blattidae  from  late  paleozoic  or  early  mesozoic, 
to  the  present. 

PaleoblattidoB, 

Paleoblattaiiffi  Scudder,  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  iii,  p.  26,  1879. 
PaleoblattidflB  Brongniart,  Histoire  des  InsecteB  Fossiles,  p.  416,  1894. 

The  Paleoblattidae,  the  older  and  more  primitive  of  the 
Blattacea,  are  characterized  as  follows : 

Cockroaches  with  a  well-developed  and  protruding  oviposi- 
tor. Eggs  probably  deposited  singly  in  the  ground,  in  stems, 
or  underneath  the  bark  of  trees.  Iliiid  wings  not  folded  and 
consequently  lacking  differentiation  into  a  brownish  resistant, 
and  a  thin  folded  part.  Anal  area  never  plicated.  Differenti- 
ation in  texture  and  venation  between  the  front  and  hind 
wings  less  marked  than  in  the  Blattidie,  the  front  wings  being, 
as  a  rule,  less  coriaceous  and  the  main  veins  in  both  wings  more 
nearly  equally  developed.  Cross  veins,  exee[)t  for  the  reticula- 
tion of  the  membrane,  are  not  common  in  the  front  wings, 
and  are  unknown  in  the  hind  ones. 

Description  of  Genera  and  Species,  including  Nymphs, 

Mylacridce, 

The  Paleoblattidae  are  again  subdivided  into  two  subordi- 
nate groups,  the  Mylacridae*  and  the  Blattinariae.    The  former 

*  The  term  Mylacridae  in  use  for  this  group  is  misleading,  since  the  ter- 
mination is  that  accepted  for  family  names.  A  better  term  is  Mylacrinarias 
to  corre8x>ond  with  the  codrdinate  divi'sion  Blattinariee. 
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present  the  more  primitive  structure  and  are  not  known  later 
than  the  Coal  Measures. 

Mylacris, 

Scndder,  Geol.  Surv.  IllinoiSf  vol.  iii,  p.  568,  1868  ;  Mem.  Boston  See.  Nat. 
Hist.,  vol.  iii,  pt.  1,  p.  40,  187J). 

Mylacris  diplodiscus,     Text-tigures  2-4 ;  Plate  I,  Figure  3. 

Dipeltis  diplodisrns  Packard,  Amer.  Nat.,  vol.  xix,  p.  293,  1885 ;  Mem. 
Nat.  Acad.  Sci.,  vol.  iii,  p.  145,  1886,  pi.  v,  figs.  2  and  2».  Schnchert,  Proc. 
U.  S.  Nat. -Mns.,  vol.  xix,  p.  672,  1897,  pi.  Iviii,  figs.  2-5.  Bernard,  Nat- 
ural Science,  vol.  xi,  p.  397,  December.  1897.  Oahan,  ibid.,  vol.  xii,  p.  42, 
January,  1898;  Schuchert,  ibid.,  p.  215,  March,  1898.  Scndder,  in  Zitters 
Text-Book  of  Paleontology,  Eastman^s  Translation,  p.  687,  1900.  Melander, 
Journal  of  Geology,  vol.  xi,  p.  185,  Feb.-Mareh,  1903.  pi.  v,  fig.  6 ;  pi.  vii, 
fig.  6. 

Myiacns  dipioiIiHcus  Sellards,  this  Journal,  vol.  xv,  p.  309,  April,  1903, 
pi.  vii.  fig,  8. 


Figures  2-4. — Mylacris  (Dipeltis)  (Hplodiscus:  all  figures  twice  natural 
size.  Figure  2,  af  t^er  Schuchert.  Originals  of  Figures  2  and  4  in  the  National 
Museum  ;  original  of  Figure  3  in  the  Yale  University  Museum. 

This  species  is  of  much  interest  historically,  having  been 
the  first  nyniph  cockroach  described  from  this  country,  although 
not  recognized  as  such  at  the  time.*  No  less  than  seven  speci- 
mens of  this  species  in  different  stages  of  development  have 
now  been  obtained.  The  smallest  individual  observed,  from 
the  National  Museum  collection,  figured  by  Schuchert  (fee.  c-it,)^ 
and  copied  here  (Figure  2),  is  hardly  more  than  one  centimeter 
in  length.  The  pronotum  is  rounded  in  front  and  pointed  at 
the  lateral  angles.  The  wing  pads  appear  as  lateral  extensions 
of  the  thoracic  terga,  the  two  pairs  being  very  similar  in  size, 
shape,  and  texture.     The  abdomen  is  small,  short,  and  narrows 

*  For  a  history  of  Dipeltis  and  a  redescription  of  the  type  specimen,  the 
reader  may  consult  the  short  paper  by  the  writer  referred  to  above. 
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rapidly  from  about  the  seventh  to  the  tenth  segment.  The 
thorax  is  unusually  large  in  proportion  to  the  abdomen, 
being  approximately  twice  as  broad  and  twice  as  long  as 
the  abdomen.  A  later  stage  is  represented  by  a  specimen 
14™"  long,  and  presents  much  the  same  proportions.  The 
wing  pads  have  become  larger  and  the  front  pair  now  some- 
what overlap  the  second  pair.  The  specimen  shown  in  Figure 
3  has  reached  a  lengtli  of  2*°',  exchisive  of  the  head  and  cerci. 
Tlie  head  as  seen  on  this  and  other  specimens  is  large;  the 
eyes  are  here  preserved  as  elongate  ovate  impressions.  The 
largest  specimens,  which  are  presumably  approachiug  maturity, 
are  3""  in  length.  The  pronotum  in  these  later  stages  becomes 
slightly  rounded  at  the  lateral  angles,  the  front  wings  are  notice- 
ably larger  than  the  hind,  and  traces  of  the  venation  have 
appeared.  The  adult,  when  identified,  will  probably  be  found 
to  have  a  broad  pronotum  ronnded  at  the  lateral  corners,  with 
wings  longer  than  the  short  abdomen,  and  resembling  in  a  gen- 
eral way  tne  adults  of  M.  elongata^  which  has,  however,  a  pro- 
portionally longer  thorax  and  a  more  strongly  arched  boxlike 
body.  The  most  striking  character  of  the  species  in  its  larval 
stages  is  the  short  abdomen  and  the  large,  broad  thorax.  The 
antennae,  cerci,  sterna,  and  parts  of  the  legs  have  been  observed. 
The  nymphs,  not  having  been  identified  with  the  adults,  may 
conveniently  retain  for  the  present  the  specific  name  already 
assigned  to  them.  The  reference  of  the  species  to  tlie  genus 
Mylacris  is  provisiotial,  Mylacris  being  used,  as  explained 
above,  in  a  general  sense  for  nymphs  of  the  MylacridcB* 

Formation  and  Locality. — All  the  known  specimens  of  this 
species  are  from  the  Coal  Measures  at  Mazon  Creek,  Illinois. 

Mylacris  elongata.     Text-figures  6-9;  and  Plate  I,  Figure  1. 
Scudder,  Bull.  No.  124,  U.  S.  Geol.  Surv.,  p.  41,  pi.  i,  fig.  6,  1895. 

The  thorax  of  the  nymph  referred  to  this  species  is  large, 
the  larger  front  wings  overlapping  the  hind  ones.  The  mould 
of  the  dorsal  surface,  from  which  Figure  6  is  made,  shows  the 
ten  segments  of  the  abdomen.  The  first  to  the  third  terga  are 
reduced.  The  abdomen  is  broadest  at  tiie  fifth  segment,  and 
narrows  to  the  tenth.  The  ninth  and  tenth  terga  of  this 
species  appear  to  be  closely  united,  the  last  being  small.  A 
thickened  line  extends  from  the  ninth  across  the  tenth.     The 

♦  Mr.  A.  L.  Melander,  in  a  foot-note  accompanying  his  reference  cited  in 
the  synonymy  above,  snggests  that  the  pronotum  of  this  form  agrees  very 
well  with  that  of  Fromylacris  rigida.  From  a  direct  comparison  of  the 
types  of  the  two  species  it  seems  probable  that  the  pronotum  of  PromylacHs 
rigida,  which  in  the  type  specimen  is  distorted,  and  from  which,  moreover, 
the  matrix  has  never  been  entirely  removed,  is  proportionally  less  broad 
than  that  of  M.  diplodiscus. 
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Figure  5. — Mylacris  anceps  «p.  nov.    Cast-off  integoment  of  nymph. 

Figure  6. — Nymph  of  Mytacris  elongata  Scndder.  The  illuBtration  is 
taken  from  the  cast  of  the  dorsal  surface.  The  ceroi  of  this  species,  as  of 
JI.  anceps,  stand  at  right  angles  to  the  axis  of  the  body.  The  indistinct 
OT^n  at  the  end  of  the  abdomen  may  possibly  be  the  crashed  ovipositor. 

Figure  7. — Same  specimen ;  looking  down  upon  dorsal  surface.  From 
this  view  a  depression  indicates  the  outline  of  the  body.  The  notch  in  the 
front  of  the  pronotum  is  due  to  erosion,  the  specimen  having  been  exposed 
to  weathering  agents  from  1871  to  1880  (see  text,  p.  119).  The  whole 
dorsal  surface  has  suffered  erosion  during  these  nine  years.  Over  the  ab- 
domen the  terga  have  thus  been  partly  removed,  exposing  the  sterna. 

Figure  8. — Adult  M.  elongata.  The  much  crushed  head  is  partly  exposed. 
The  pronotum,  by  the  time  the  adult  condition  is  reached,  has  become,  as 
usual,  much  rounded  at  the  corners.  The  dorsal  surface  has  been  partly 
removed  to  expose  the  legs  and  the  abdominal  sterna. 

Figure  9. — Head  of  same  specimen. 

Figures  5-8  enlarged  approximately  two  diameters ;  Figure  9,  x4.  All 
were  obtained  from  the  Coal  Measures  of  Mazon  Creek,  Illinois.  Originals 
in  the  Yale  University  Museum. 

cerci  are  directed  at  right  angles  to  the  axis  of  the  body  and 
are  comparatively  strong,  the  joints  near  the  base  being  twice 
as  broaa  as  long.  The  body  of  the  insect  (Figure  7)  nas  suf- 
fered considerable  erosion,  as  a  result  of  which  the  terga  of 
the  abdomen  have  been  removed,  except  at  the  edges,  thus 
exposing  the  sterna.  The  more  rapid  erosion  of  the  integu- 
ment of  the  thorax  over  the  head  and  legs  reveals  the  location 
of  these  organs.*  The  sterna  as  seen  in  the  illustration  are  of 
the  normal  Mylacrid  type.  The  seventh  is  enlarged  and  rounded. 
A  portion  of  some  organ,  probably  the  ovipositor,  is  seen  on 
the  inner  side  of  the  seventh  sternum.  At  the  end  of  the 
abdomen  of  both  fossil  and  mould  may  be  seen  what  appears 
to  be  the  two  parts  of  the  ovipositor  separated  and  spread  open 
by  crushing. 

Two  adults  are  referred  to  this  species.  The  body  of  the 
adult  exclusive  of  the  head  is  36"'"'  long.  The  abdomen  is 
short  as  compared  with  the  long  thorax.  The  wings  are  large, 
the  two  pairs  being  of  equal  length  and  much  longer  than  the 
abdomen.  The  body  is  arched  transversely.  The  tegmina 
have  a  prominent  humeral  angle  and  fit  down  boxlike  over  the 
sides  01  the  body.  The  pronotum  is  broad  and  rounded  at 
the  angles  and  has  a  full  posterior  border.  The  sterna  of  the 
specimen  figured  are  visible.  As  in  the  nymph,  the  seventh 
sternum  is  enlarged  and  rounded,  and  has  a  depressed  line 
which  may  represent  the  impression  of  the  thickened  ridge  on 
the  ninth  tergum.     The  identification  of  the  two  adults  with 

*  The  history  of  the  two  parts  of  this  specimen  is  of  interest.  The  mould 
(Figure  6)  was  collected  by  Mr.  S.  S.  Strong  and  sent  to  the  Yale  Museum  in 
1871  (lot  No.  199).  The  opposite  side  of  the  nodule,  evidently  lost  at  the 
time,  remained  exposed  until  rediscovered  by  Mr.  Strong  and  sent  to  the  Yale 
coUection  in  1880  (lot  No.  1400),  having  eroded  during  the  intervening  nine 
years  to  the  extent  mentioned  in  the  text. 
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Scudder. 


FiouRB  10.— A  nymph  approaching  matnrit.r.  The  apecimen  hM  raffered 
lateral  craghiuK-  causing  a  wrinklin);  i>f  the  pronulum  and  ^Ting  the  •b' 
domen  probably  an  nnndtiiral  width. 

FlOUKE  11. — A  amall  iiympb  in  which  the  partB  of  the  oripo^tor  have  not 
jet  nnit«d.  Two  pairs  are  seen,  the  outer  bfing  larger  and  more  curved, 
the  inner  amaller  nnrl  KtraiffbtiT.  Some  other  organs,  probably  a  third  pair 
of  ovipositors,  are  indistinctly  seen. 

Figure  12.— A  later  alage  in  which  the  parts  have  become  anited  and  the 
oviposilor  projects  from  the  abdomen.  The  enlarged  seventh  Bt«TDam  i> 
here  seen  lo  lie  underneath  the  eighth,  ninth,  and  tenth  tergu. 

FiGiRE  13. — A  nymph  which,  having  the  terga  removed,  eiposea  more  ot 
the  ovipoHilor  and  Htema.  Tlie  view  obtained  here  ae  a  resalt  of  the  removal 
of  Ihe  terga  is  of  the  upper  (inner)  side  of  the  Btema.  The  ovipositor  ia 
aeen  to  pass  on  the  inner  (apper)  side  of  the  seveiilh  sternum.  The  impres- 
sion of  the  duraal  surface  of  tliis  specimea  shows  the  ten  terga  and  the  cerci 
in  position,  confirming  the  relative  position  of  the  seventh  etemam  and  the 
eighth,  ninth,  and  tenth  terga  described  fur  the  specimen  above  (Figon  18), 
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Figure  14. — ^A  nymph  approaching  maturity. 

FiouRB  15. — ^Restoration  of  Etoblattina  mazona  Scadder,  based  npon 
the  type  specimen,  the  wings  and  pronotnm  of  which  are  well  preserved, 
and  also  npon  the  several  nymphs  now  known  preserving  practically  all  parts 
of  the  body. 

Figures  10-13,  x8  ;  Figure  15.  natural  size ;  all  others,  x2.  All  are  from 
the  Coal  Measures  of  Mazon  Creek,  Illinois.  Original  of  Figure  14  in  the 
National  Museum ;    all  others  in  the  Yale  University  Museum. 

Scuddcr's  species  Mylacris  elongata  is  based  on  the  close  agree- 
ment in  the  shape  and  venation  of  tlie  te^niina.  The  con- 
nection between  nymph  and  adult  is  inferred  from  the  relative 
proportion  in  size  between  the  thorax  and  abdomen,  the  lareje 
wings  already  evident  in  the  nymph,  and  the  similar  boxlite 
shape  of  the  body. 

For^nation  and  Locality, — Coal  Measures,  Mazon  Creek, 
Illinois. 

Mylacris  anceps  sp.  nov.     Text-figure  5. 

The  specific  name  M,  anceps  is  proposed  for  the  nymph 
illustrated  in  Figure  5,  which  can  not  at  present  be  referred  to 
its  proper  adult  species.  The  most  marked  characters  of  the 
species  are  its  long  abdomen  and  short  wings  as  compared 
with  the  species  just  described.  The  wings  are  unusually  short 
considering  the  size  of  the  nymph.  The  abdomen  is  almost 
or  quite  as  long  as  the  thorax,  narrowly  elliptical  in  outline, 
broadest  at  the  fourth  or  fifth  segment,  sloping  gradually  to 
the  tenth.  The  tenth  tergum  is  small,  and,  as  in  the  last  spe- 
cies, apparently  consolidated  with  the  ninth,  the  union  being 
strengthened  by  a  strong  ridge  running  down  the  center.  The 
cerci  in  this  species  are  also  directed  at  riglit  angles  to  the  axis 
of  the  body.  The  adults  will  ])robably  be  found  to  have  a 
proportionately  broad  and  lon<i^  abdomen. 

Formation  and  Locality , — C-oal  Measures,  Mazon  Creek,  Illi- 
nois.    Type  specimen  in  the  Yale  University  Museum. 

Blaitinari^e. 

Etoblattina, 
Scudder,  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  iii,  p.  56,  1879. 

Etoblattina  mazona.    Text-figures  10-16  ;  and  Plato  I,  Figure  2. 
Scudder,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxi,  p.  891,  1882. 

Fiohlattina  mazatia  is  at  ])resent  the  most  completely  known 

Ealeozoic  cockroach.  A  rather  full  deserij)tion  w  ill  therefore 
e  given  of  several  individuals  representing  stages  in  the  de- 
velopment of  the  species.  A  restoration  of  the  species  as 
now  known  is  also  attempted.  The  smallest  specimen  seen  is 
15"*"  long.     The  body  is  slender  and  the  two  wings  appear  as 
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triangular,  pointed  extensions  of  the  meso-  and  meta-thuracic 
terga,  equal  in  size  and  of  a  similar  texture.  The  pronotum 
at  Uiis  stage  is  abruptly  truncated  at  its  posterior  margin.  The 
abdomen  is  slender  and  long.  The  sterna  of  the  specimen 
are  partly  exposed.  The  most  remarkable  feature  in  the 
fossil,  giving  it  an  especial  interest,  is  the  presence  near  the 
end  of  the  aMomen  of  two  pairs  of  oi^ns  and  traces  of  a 
third,  wliich  appear  to  represent  the  parts  of  the  ovipositor 
not  yet  united  <  Figure  11).  These  lie  at  a  level  below  the 
edges  of  the  terga  and  the  cerci^  but  above  that  of  the  sterna. 
The  stage  of  development  of  the  ovipositor  represented  by  this 
specimen  is  very  similar  to  that  of  the  young  Locusta  illus- 
trated by  Dewitz  \U^.r:lt.).  A  later  stage  in  the  ontogeny  of 
the  specie>  i^  represented  by  Figure  13.  The  wings  are  now 
directed  obliquely  backward,  and  are  m«»re  arched.  The  dor- 
sal integument  of  the  alxlomen  is  here  entirely  removed  from 
the  seventh  sternum  and  ovipositor  and  from  the  rest  of  the 
abdomen  except  at  the  edges.  The  parts  of  the  ovipositor 
have  now  liecome  united,  the  line  of  union  l»eing  indicated  by 
a  furrow.  The  ovijx>sitor  is  seen  to  pass  on  the  inner  side  of  the 
large  seventh  sternum,  and  is  incomplete,  being  broken  at  the 
tip.  The  part  preserved  is  3°*™  long.  The  opposite  side  of 
the  nodule  shows  the  ten  segments  of  the  abdomen  complete, 
together  with  the  cerci.  The  sterna  of  the  slightly  larger 
individual  shown  in  Figure  12  are  also  partly  exposed.  On 
the  inner  side  of  the  seventh  is  what  appears  to  be  the 
ovipositor  Inng  at  a  lower  level  and  passing  beneath  the 
tenth  tergum.  The  abdomen  has  suffered  lateral  crushing 
in  fossilization  so  that  the  sterna  are  displaced  to  the  right  and 
the  ovipositor  lies  almost  under  the  right  cercus.  Figure  14 
represents  one  of  the  larger  specimens  of  this  species.  Besides 
the  thorax  and  wings,  the  head  and  two  legs  are  preserved. 
On  the  head  can  be  seen  the  outline  of  the  two  rather  large 
eyes.  Toward  the  front  of  the  head  are  two  small  paired 
bumps  and  l)etween  these  a  smaller  elevation.  A  line  at  the 
top  of  the  head  divides  the  epicranial  plates.  The  pronotum 
at  this  stage  has  rounded  angles,  a  full  posterior  border,  and 
overlaps  the  base  of  the  front  wings.  A  pair  of  elevations 
is  seen  close  to  the  median  line  and  near  the  front  of  the 
pronotum.  A  second  pair  is  placed  farther  back  and  out 
from  the  median  line.  The  pits  observed  by  Schuchert  on 
Mylacris  (Dipeltu)  divlodhcuH  are  doubtless  of  the  same 
nature.  The  front  and  hind  wings  are  as  yet  scarcely  differen- 
tiated from  each  other  either  in  size  or  texture.  Thev  are 
still  united  to  the  terga  by  their  entire  base,  although  a  thick- 
ened spot,  represented  in  the  drawing,  indicates  the  place  at 
which  the  articulation  of  the  wing  is  forming.     A  delicate 
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median  line  divides  the  thorax,  which  may  denote  the  line  of 
ruptnre  of  the  integument  in  moulting  and  also  that  the  part 
preserved  is  here^  as  in  most  instances,  the  cast-off  integument. 
This  line  is,  however,  not  more  marked  than  that  on  the  thorax 
of  some  living  nymphs,  resnlting  from  the  union  of  the  lateral 
halves  of  the  terga,  and  the  line  along  which  the  break  ulti- 
mately occurs  at  the  time  of  moulting.  The  femur,  tibia,  and 
tarsus  of  the  first  leg  on  the  right  side  are  preserved.  The 
feraur  is  smooth  and  of  about  the  same  lengtli  as  the  tibia. 
The  tibia,  on  the  contrary,  is  strongly  spinous.  The  first  joint 
of  the  tarsus  is  comparatively  long;  the  others  are  short. 
The  number  of  joints  in  the  tarsus  can  not  be  made  out.  The 
left  leg  of  the  third  pair  shows  most  of  the  coxa,  the  tro- 
chanter, the  femur,  and  part  of  the  tibia.  The  femur  is  stouter 
than  that  of  the  first  pair  of  legs  and  is  likewise  smooth.  The 
tibia  is  slender  and  preserves  the  bases  of  the  spines.  The 
trochanter  of  this  leg,  also,  is  seen  as  a  triangular  piece  uniting 
the  femur  and  coxa.  As  in  other  cockroaches,  a  progressive 
rounding  during  growth  of  the  posterior  border  of  the  prono- 
tuni  is  evident,  which  gives  the  pronotum  of  the  adult  a  circu- 
lar form.  The  thin  texture  and  the  ornamentation  of  the 
pronotum  are  characteristic  and  serve  to  confirm  the  connection 
of  the  nymphs  and  adults. 

The  restoration  given  here  (Figure  15),  is  based  on  the  sev- 
eral nymphs  of  the  species  and  the  adult  ^q 
which  served  as  the  type  specimen,  the  pro- 
notum of  which,  more  completely  uncovered, 
ishererefigured  (Figure  !()).    Tlie  cockroach 
is  represented  in  the  resting  position.    Spines 
have   not    been    observed    on    the    femur. 
That  the  tibia  is  spinous  is  shown,  however, 
in  Figure  14.    The  ovipositor  of  E.  mazona 
was  apparently  of  medium  length.    At  the 
time    the    restoration    given    by    Professor      Figure  16.  —  Pro- 
Scudder  was  made  (Mem.  Boston  Soc,  vol.  notum  of  adult  of  E, 
iii,  pi.  X,  1882\  the  presence  of  the  oviposi-  ''^"^^»^^'-    ><  2. 
tor  and  the  spinous  character  of  the  tibia  were  unknown. 

Formation  and  Locality. — Coal  Measurcf^,  Mazon  Creek, 
Illinois. 

Ftohlattina  juvenis  sp.  nov.     Text-figures  17-21. 

The  most  common  nymph  at  the  Lawrence  locality  is  a 
species  with  large  broad  abdomen,  the  terga  having  welWevel- 
oped  free  edges,  and  the  sterna,  rounded  corners.  Two  instruc- 
tive individuals  of  this  species,  lying  on  a  small  slab,  are  shown 
in  their  relative  positions  in  Figure  17.  The  dorsal  integument 
of  the  nymph  at  the  rigiit  of  the  figure  has  split  down  the 


132        Sellarda — Structure  of  Paleozoic  Cockroaches^ 

center  and  been  pushed  to  each  side,  thus  exposing  the  basal 
elements  of  the  legs.  The  most  striking  feature  is  the  large 
size  of  the  second  segment, — the  trochanter,  which,  instead  of 
being  wedged  into  the  lower  aiiffle  between  the  femur  and 
coxa,  is  apparently  joined  squarely  to  the  femur.  The  speci- 
men has  been  crushed  and  drawn  out  laterally,  thus  causing 
the  trochanters  on  the  left  to  appear  abnormally  large  and  those 
on  the  right  too  small.  The  median  organ  in  front  of  the  first 
pair  of  legs,  probably  one  of  the  sternal  elements,  has  suffered 
a  similar  distortion.  The  basal  part  of  the  ovipositor,  9™°"  long, 
is  preserved  in  place.     Parts  of  the  body  are  scattered  about 
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Figure  17. — Etoblattina  juvenis  sp.  nov.;  natural  size.  Two  specimens 
lying  near  each  other  on  the  same  slab.  The  nymph  on  the  left  shows  a  con- 
siderable part  of  the  cerci,  which  in  this  species  are  very  long.  Both  have 
the  legs  more  or  less  completely  preserved.  As  a  resnlt  of  crushing,  the 
integument  of  the  nymph  at  the  right  has  split  along  the  dorsal  line,  and, 
spreading  laterally,  exposed  the  basal  elements  of  the  legs  otherwise 
rarely  seen.  The  species  has  a  large,  prominent  ovipositor,  which  is  pre- 
served on  the  specimen  at  the  right ;  it  is  badly  crushed,  however,  and  its 
shape  poorly  defined.  Some  terga  with  pointed  angles,  and  sterna  with 
rounded  angles,  are  seen  detached  and  lying  between  the  two  nymphs. 

Original  from  the  Upper  Coal  Measures  at  Lawrence,  Kansas,  in  the 
writer's  collection. 

on  the  slab.  Detached  terga  witli  their  pointed  edges,  and 
one  of  the  sterna  with  rounded  edges,  are  seen  lying  between 
the  two  nymphs.  The  nymph  on  the  left  of  the  figure  is  more 
nearly  entire.  The  liead  is  displaced  to  the  right  of  the  pro- 
notum.  The  antennae  are  very  well  preserved,  but  the  other 
structures  of  the  head  are  too  much  crushed  to  be  recognized. 
On  the  pronotum  is  seen  a  circular  mark  characteristic  of  the 
species.  Traces  of  the  venation  are  evident,  the  cubitus  and  its 
branches,  as  is  usual  among  nymphs,  being  the  most  distinct. 
Parts  of  the  legs  are  exposed  at  the  sides  of  the  body.  The 
tibia  is  spinous  and  the  tarsus  apparently  long.     The  pointed 
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FiouRB  18. — Etoblattina  JHvenia  sp.  nov.  A  nymph,  of  which  the  thorax 
and  a  part  of  the  abdomen  are  preserved.  The  abdominal  sterna  are  seen  in 
otitUne  through  the  terga. 

Figure  19.  —E.  juvenis  sp.  nov.  A  nymph  of  which  a  considerable  part 
of  the  long  antennae  and  the  outline  of  the  head  are  preserved.  The  two 
parts  of  the  pronotam  are  separated.  The  absence  of  spines  on  the  tibia  is 
probably  dne  to  imperfect  preservation. 
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FiouRE  20. — E.  jurenit  sp.  nor.  One  wing  and  half  of  pronotnm  of 
nearly  matare  n>'inph. 

FiouRE  21. — Trochanter,  femur,  and  one  abdominal  tergnm  of  nvmph. 

Figure  22. — Spilobiattina.  Part  of  abdomen  in  which  are  seen  indications 
of  color  areas  resembling  those  of  SpiiofUattiHa,  to  which  genus  the  speci- 
men is  proTisionallT  referred. 

FiocRE  23. — A  small  nymph,  genns  ondetermined. 

FiocRB  24. — Pronotnm  of  smidl.  probably  adolt.  cockroach. 

FiouRE  25. — An  ondetermined  fossil,  resembling  very  mach  the  egg  case 
of  cockroaches. 

All  fignres  are  twice  natural  size.  Original  of  Figures  18  and  19  in  the 
University  of  Kansas  collection  :  all  others  in  the  writer's  collection.  All  are 
from  the  Upper  Coal  Measures.  Figure  23  is  from  Deer  Creek,  twelve  miles 
S.  W.  of  Lawrence  ;  others  are  from  Lawrence,  Kansas. 

free  edges  of  the  terga  are  evident.  The  cerci,  although  incom- 
plete, are  unusually  long.  The  s|>ecinien  figured  and  its 
counterpart  are  in  the  writers  collection.  A  nunil)er  of  other 
nvmphs  of  this  s|)ecies  have  been  obtained  from  the  same 
locality,  one  of  which  (University  of  Kansas  collection)  is  illus- 
trated in  Figure  18.  The  ]x>inted  terga  and  rounded  sterna, 
similar  to  the  detached  terga  and  sternum  of  Figure  17,  are 
here  seen  in  place.  The  large  nymph,  previously  figured,  is 
probably  also  of  this  species,  although  the  body  is  larger  and 
more  bulky.*  The  free  edges  of  the  terga  from  the  third  to 
the  ninth  are  very  prominent.  The  tenth  sternum  is  rounded. 
The  sterna  with  their  rounded  corners  are  seen  in  outline  through 
the  terga.  A  part  of  the  strong  femur  is  seen  on  the  right,  and 
a  few  segments  of  the  antenna?  are  visible  beyond  it.  The  refer- 
ence of  these  nymphs  to  the  genus  Etoblattina  is  supported  by 
the  rounded  character  of  the  sterna,  which  are  similar  to 
those  of  E.  mazona^  and  by  association,  more  than  half  of  the 
adult  species  from  the  Lawrence  locality  belonging  to  this  genus. 
Formation  and  Locality, — Lawrence  Shales,  Upper  Coal 
Measures,  Lawrence,  Kansas. 

Gen  us  Un  deter m  in  ed. 

The  generic  reference  of  the  small  nymph  (Figure  23)  is  in 
doubt.  The  abdomen  has  been  torn  and  crushed,  but  the  ten 
segments  can  be  made  out.  A  few  of  the  sterna  seen  in  out- 
line through  the  terga  are  pointed  at  their  posterior  corners. 
A  tibia,  tarsus,  and  a  part  of  the  feiuur  lie  in  front  of  the 
pronotum.  The  number  of  segments  of  tlie  tarsus  can  not  be 
made  out,  but  the  claw  terminating  the  foot  is  preserved. 

The  pronotum  (Figure  24)  is  found  detached,  and  judging 
from  its  rounded  form  probably  belongs  to  an  adult. 

formation  and  Locality, — Both  the  nymph  of  Figure  23 
and  the  pronotum  of  Figure  24  came  from  the  Lawrence 
Shales,  Upper  Coal  Measures,  Lawrence,  Kansas. 

*  This  Jonrnal,  vol.  xv,  April,  1908,  pi.  vii,  fig.  5. 

[To  be  continued.] 
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Art.  XVII. —  A  Remarkable  Parasite  from  the  Devonian 
Rocks  of  the  Hudson  Bay  Slope  ;  by  W.  A.  Parks. 

It  was  the  writer's  privilege,  during  the  summer  of  1903,  to 
be  engaged  on  certain  geological  investigations  in  the  basin  of 
the  Moose  river,  and  the  opportunity  was  afforded  to  do  a 
small  amount  of  collecting  irom  the  Devonian  area  surround- 
ing the  southern  end  of  James  Bay.  This  examination  was 
conducted,  more  particularly,  on  the  Kwataboahegan  river,  a 
stream  entering  the  Moose  about  12  miles  above  Moose  Fac- 
tory, which  is  situated  near  the  mouth  of  the  great  river.  An 
account  of  the  fauna  of  the  Lower  Devonian  rocks  there 
exposed  will  appear  in  the  Report  of  the  Bureau  of  Mines 
of  Ontario  for  the  year  1904.  In  addition  to  some  new  spe- 
cies, described  in  the  article  referred  to,  the  attention  of  the 
writer  was  drawn  to  what  appeared  to  be  a  new  species  of 
Platyostoma  with  a  remarkable  surface  ornamentation.  This 
fossil,  which  occurs  abundantly,  has  the  shape  and  general 
appearance  of  Platyostoma  linecita^  but  the  suriace  differs  from 
that  species  by  the  possession  of  a  peculiar  reticulated  orna- 
mentation. 

In  nearly  all  cases,  casts  only  of  the  numerous  gasteropods 
characteristic  of  the  series  are  found ;  only  one  Platyostoma 
was  collected  retaining  any  trace  of  the  shell  which  shows  the 
ordinary  fine  lines  presented  by  P,  lineata.  Among  the  great 
number  of  external  casts  of  this  species  many  were  seen  to  pre- 
sent a  constant  reticulated  appearance,  as  if  the  outer  orna- 
mented part  of  the  shell  had  been  preserved  after  the  inner 
layer  had  been  dissolved.  Such  was  the  conclusion  arrived  at 
in  the  field  ;  but  microscopic  examination  in  the  laboratory 
renders  this  conclusion  very  improbable.  Many  of  these  ex- 
ternal casts  show  the  impression  of  the  lines  of  growth  charac- 
teristic of  the  exterior  of  P,  lineata^  proving  that  the  structure 
observed  is  something  entirely  external  to  the  shell  of  the  gas- 
teropod,  and  therefore  to  be  regarded  as  of  a  parasitic  nature. 
This  parasite  is  most  intimately  associated  with  the  shell  pene- 
trating into  the  umbilicus  and  into  the  deepest  parts  of  the  su- 
tures. This  fact  makes  it  very  difficult  to  decide  that  we  are 
not  dealing  with  an  external  layer  as  first  suggested. 

The  lower  or  basal  aspect  of  the  parasite  is  well  seen  on  the 
casts  of  the  exterior  of  the  Platyostoma.  The  outer  surface 
was  not  observed,  as  the  organism  is  so  persistently  imbedded 
in  the  matrix  as  to  render  all  attempts  to  free  it  abortive. 

At  least  two  species  of  this  creature  occur,  differing  in  the 
size  of  the  elements  composing  them  and  in  some  minor  points 
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of  structure.  The  finer  one  is  more  abundant  and  better  pre- 
served ;  it  is  therefore  taken  as  a  type  of  the  genus  ana  is 
described  below  in  some  detail. 

The  cast  of  the  Platyostoma  is  seen  to  be  covered  with 
round  white  spots,  separated  by  narrow  brownish  lines.  Three 
of  these  spots  with  the  intervals  between  them  occupy  the  space 
of  one  millimeter.  They  are  regularly  arranged  in  lines  in- 
clined at  a  slight  angle  to  the  sutures  oi  the  host.  A  line  may 
also  be  drawn  through  the  centers  of  the  spots  inclined  at  an 
angle  of  60  degrees  to  the  first.  On  close  examination  these 
white  spots  are  found  to  consist  of  three  elements,  separated  by 
minute  clear  lines.  These  lines  are  seen  to  be  uniform  in 
arrangement,  being  approximately  parallel  in  all  the  spots; 
see  figure  1.  Sections  a  little  higher  in  the  organism  show 
that  the  pillars  decrease  in  size  with  a  corresponding  increase 
in  the  intervening  matter ;  they  also  approacli  a  rouglily  trian- 
gular appearance.  Still  higher,  the  contiguous  angles  of  adja- 
cent pillars  reach  out  and  unite  with  each  other  so  as  to  pro- 
duce an  hexagonal  ring  with  the  clear  lines  of  the  original 
pillars  forming  a  continuous  line  around  the  middle  of  the 
ring.  The  open  center  of  the  ring  is  occupied  by  the  matrix. 
It  is  apparent  that  each  alternate  angle  of  the  hexagon  repre- 
sents the  position  of  a  pillar,  while  the  other  angles  are  situated 
at  the  points  of  coalescence  of  adjacent  pillars.  Higher  sec- 
tions show  that  this  reticulation  is  continued  to  the  surface  of 
the  specimen  where  the  white  matter  forming  the  borders  of 
the  rings  unites  and  covers  the  central  clear  portion.  The 
structure  of  the  reticular  network  is  shown  in  fig.  2.  Tan- 
gential sections  very  near  the  surface  of  the  reticulation  show 
minute  points  projecting  into  the  openings  of  the  mesh  sug- 
gesting the  septa  of  a  favositoid  coral  or  certain  of  the  hydro- 
corallines.  A  second  variety  is  seen  to  be  represented  by  an 
almost  similar  structure  except  for  the  fact  tliat  the  pillars  on 
ascending  become  markedly  triangular  in  outline  and  extremely 
regular  in  arrangement.  The  cross  section  of  this  variety  at 
the  level  where  the  pillars  approach  each  other  is  seen  in  fig- 
ure 3.  The  structure  of  the  network  is  the  same  as  in  the  first 
variety.  It  is  quite  possible  that  these  two  are  identical,  and 
that  better  preservation  in  the  one  case  has  resulted  in  the  re- 
tention of  tlie  sharp  triangular  outline  of  the  pillars.  It  is 
thought  better  to  include  tliem  both  in  one  species. 

There  is,  however,  another  species,  characterized  by  a  much 
larger  mesh  in  the  network  and  by  the  fact  that  the  meshes 
are  rlioniboidal  in  outline  instead  of  hexagonal.  The  ascend- 
ing pillars  show  the  same  three  fine  clear  lines  separating  the 
element,  but,  at  a  certain  level,  there  is  a  tendency  for  one  of 
these  lines  to  become  shortened,  so  that,  on  the  coalescence  of 
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the  elements  of  adjacent  pillars,  two  of  the  sides  of  the  resnlt- 
ing  hexagon  are  much  shorter  than  the  others.  A  little  higher 
in  the  skeleton  these  sides  practically  disappear,  giving  in  con- 
seqnence  rhomboidal  openings  in  the  reticulation.  A  tangen- 
tial section  of  this  form  is  seen  in  fig.  i,  while  in  iig.  5  is  seen  a 
diagrammatic  representation  of  the  manner  in  which  the  rhom- 


boidftl  meshes  originate.  In  this  diagram  tin,  ocntei  of  the  pil- 
lar is  represented  by  a  small  cross  which  will  be  seen  not  to 
conform  to  the  nodes  of  the  reticulation 

In  either  species  it  will  be  obstr^ed  that  the  want  of  sym- 
metry in  all  directions  around  the  pillars  will  render  vertical 
sections  extremely  variable  and  difficult  of  interpretation.  It 
is  farther  apparent  that  vertical  sections  will  cut  ttie  reticulated 
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portion  at  different  points,  so  that  in  any  one  section  greatly 
different  appearances  will  be  presented  by  this  part  of  the 
skeleton.  Vertical  sections,  however,  show  that  the  pillars  con- 
tract in  diameter  and  the  elements  composing  them  gradually 
arch  over  and  unite,  so  that  certain  parts  of  the  network  are 
supported  on  elliptical  arches  open  at  the  bottom  to  the  fine 
brown  lines  separating  the  pillars  at  the  base.  The  interpreta- 
tion is  easy,  therefore,  that  each  alternate  angle  of  the  hexag- 
onal mesh  is  supported  on  a  pillar  and  the  alternate  angles  on 
a  vaulted  arch  derived  from  the  fused  elements  of  those  pillars. 
Nothing  further  is  revealed  by  vertical  sections,  variable  as 
they  are,  except  that  the  clear  matter  forming  the  dividing  lines 
in  the  pillars  expands  in  the  reticulation  and  ascends  almost  to 
the  surface  of  tne  network,  where  it  is  covered  by  the  white 
matter  forming  the  sides  of  the  meshes.  Vertical  sections 
are  shown  in  iig.  6. 

The  thickness  of  the  entire  encrustation  in  the  hexagonal 
variety  is  about  three-fourths  of  a  millimeter.  The  rhomboidal 
species  attains  a  greater  height,  possibly  as  much  as  two  milli- 
meters. 

The  zoological  affinities  of  these  parasites  is  somewhat  diffi- 
cult to  determine.  The  regularly  reticulated  skeleton  at  first 
suggests  the  Bryozoa,  but  tne  peculiar  support  on  the  pillars 
and  the  structure  of  the  skeletal  matter  are  features  that  must 
remove  the  organism  from  that  association. 

The  occurrence  of  the  parasite  on  shells  of  gastropods  natu- 
rally leads  one  to  the  consideration  of  Ilydractinia,  and  it  is 
highly  probable  that  our  species  are  closely  related  to  that  or- 
ganism. 

Tangential  sections  of  Ilydractinia  show  a  network  of  chi- 
tinous  fibers  with  round  pillar-like  elements  at  the  nodes.  The 
nearer  to  the  base  that  such  sections  are  prepared  the  more 
pronounced  are  the  regularity  of  the  mesh  and  the  individual- 
ity of  the  pillars.  Higher  sections  show  that  the  reticulation 
becomes  more  and  more  irregular  as  we  approach  the  surface. 
In  the  short  time  spent  in  examining  the  skeleton  of  Hydrac- 
tinia  the  writer  was  unable  to  cut  tangential  sections  low 
enough  to  cross  the  pillars  below  the  first  connecting  bars,  so 
that  a  similarity  of  mode  of  attachment  can  not  at  present  be 
urged  in  support  of  the  relationship  of  our  species  to  Hydrac- 
tinia. 

The  two  organisms,  however,  agree  in  the  possession  of  dis- 
tinct ascending  pillars  which  give  rise  to  a  pronounced  reticu- 
lation by  the  coalescence  of  horizontal  elements  derived  from 
those  pillars.  A  distinct  difference  is  seen  in  the  fact  that  our 
species  produce  but  one  layer  of  meshes  which  has  a  consider- 
al)le  vertical  extent,  whereas  Ilydractinia  repeats  this  process 
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and  in  a  more  and  more  irregular  manner  as  it  increases  in  age. 
Further,  the  meshes  of  the  network  in  Hydractinia  are  practi- 
cally without  any  tendency  to  form  tubes,  i.e.  have  no  vertical 
extent.  No  eviaence  of  polymorphism  is  to  be  observed  in  the 
species  under  review.  Another  point  of  similarity  is  seen  in 
the  fact  that  the  base  of  a  Hydractinia  colony  shows  a  more 
resistant  brownish  layer  where  it  is  attached  to  the  host ;  the 
brown  matter  lying  between  the  bases  of  the  pillars  in  our  spe- 
cies may  well  be  analogous  to  this  structure  in  Hydractinia.* 
The  presence  of  the  minute  septa-like  projections  near  the  sur- 
face of  the  network  suggests  that  the  openings  of  the  meshes 
were  occupied  by  individual  hydroids  witli  very  short  vertical 
extent.  Such  an  interpretation  would  place  the  creature  near 
to  Professor  Duncan's  Stoliczkaria.  This  relationship  can,  of 
course,  be  maintained  only  on  the  supposition  that  the  coenen- 
chvma  of  Stoliczkaria  is  entirely  unrepresented  in  our  species.f 

There  is  little  doubt,  therefore,  that  the  new  erenus  may  be 
safely  placed  under  the  Ilydroida  with  a  considerable  resem- 
blance to  Hydractinia  and  a  suggestion  of  the  structure  of 
Stoliczkaria.  H  this  relationship  is  accepted,  the  study  of  the 
present  species  throws  considerable  ligiit  on  the  manner  in 
which  the  horizontal  elements  arise  from  the  ascending  pillars 
in  all  this  class  of  creatures.  Further,  we  have  but  to  assume 
the  closing  in  of  the  meshes  and  the  repetition  of  the  process 
of  growth  to  arrive  at  the  origin  of  the  skeleton  of  that  large 
and  diverse  group,  the  Stroiiiatoporoidea. 

The  preferential  parasitism  exhibited  by  this  organism  at  so 
low  a  stage  as  the  base  of  the  Devonian  is  a  matter  of  interest. 
Further,  if  we  accept  its  hydroid  affinities,  and  omit  the 
graptolites  and  stromatoporoids,  we  have  in  this  creature  the 
earliest  of  the  Hydroida,  excepting,  of  course,  the  very  doubt- 
ful Corynoides  and  Pal8eocoryne.:J: 

IV  isty  lotus  gen.  no  v. 

Encrustiog  parasite  on  species  of  Platyostoma.  Skeleton 
probably  chitiuous  or  partially  calcified,  consisting  of  a  continuous 
polygonal  reticulation,  supported  on  short  pillars.  These  pillars 
are  composed  of  three  elements,  are  sub-circular  at  the  point  of 
attachment  and  triangular  above.  The  reticulation  arises  by  the 
drawing  out  of  the  angles  of  the  triangular  pillars  and  the 
coalescence  of  the  points  thus  produced. 

Tristylotus — o-tvAwtos,  supported  on  pillars. 

*  Nicholson  &  Lydekker  —  Manual  of  Paleontology,  Vol.  I,  p.  198. 
t  Ibid.,  p.  228. 

X  Ray  Society  for  1870.     Monograph  of  the  Tubularian  Hydroids,  George 
James  AUman,  M.D.,  p.  170  et  seq. 
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Tnstylotus  h^xago^ius  sp.  nov. 
The  meshes  of  the  network  are  hexagonal  and  small. 

Tristylotus  rhomboideus. 
The  meshes  of  the  network  are  rhomboidal  and  larger. 

The  writer  is  indebted  to  Professor  Ramsay  Wrieht  of  the 
University  of  Toronto  for  suggestions  regarding  tne  aflSnity 
of  Tristylotus  and  for  the  coining  of  the  generic  name. 

DESCRIPTION  OF  FIGURES  (p.  137). 

Tristylohis  hexagonus 

Fig.  1. — Base  of  the  parasite  as  it  appears  on  the  external  cast  of  Platyo- 
stoma.     Enlarged  30  times. 

Fig.  2. — Diagram  to  show  the  origin  of  the  hexagonal  network  from  the 
triangular  pillars.  The  orginal  position  and  the  outline  of  the  pillars  are 
shown  in  dotted  lines.  The  fine  lines  show  the  clear  central  portion  of  the 
mesh.     Enlarged  about  75  times. 

Fig.  3. — Cross  section  of  the  pillars  in  one  variety  at  a  level  just  below 
where  they  begin  to  unite.     Enlarged  75  times. 

Fig.  6. — (a)  Vertical  section  through  a  pillar  in  a  direction  across  the  web 
of  the  network,  (b)  Vertical  section  through  two  pillars  in  a  direction 
following  the  web  of  the  network.  Dotted  part  is  the  clear  central  portion. 
Striated  part  represents  the  white  matter.     Enlarged  30  times. 

Tristylotus  rhomboideus 

Fig.  4. — Tangential  section  through  the  reticulated  portion.  The  positions 
of  the  centers  of  the  pillars  are  indicated  by  smaU  crosses.  The  dotted 
portion  represents  the  clear  tissue  and  the  striated  portion  the  white  matter. 
The  openings  in  the  meshes  are  shown  round  in  the  diagram  ;  this  is  not 
strictly  correct,  as  they  conform  more  or  less  to  the  shape  of  the  mesh. 
Enlarged  about  60  times. 

Fig.  5. — Diagram  to  illustrate  the  origin  of  the  rhomboidal  meshes.     The 

Sillars  are  indicated  by  heavy  lines.  The  dotted  lines  represent  the  dear 
nes  dividing  the  pillars  into  three  parts.  One  of  these  lines  is  seen  to  be 
much  reduced  in  length.  It  is  this  shortening  that  results  in  the  formation 
of  rhomboidal  instei^  of  hexagonal  meshes.  The  outUnes  of  the  resulting 
rhomboidal  meshes  are  shown  in  fine  lines. 
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Art.  XVIII. — Asterolepid  Appendages;  by  C.  R.  Eastman. 

The  renewed  interest  which  has  become  manifest  in  the 
study  of  the  earliest  known  fish-like  vertebrates  bids  fair  to 
lead  to  a  clearer  understanding  of  the  problems  presented,  if 
not  indeed  to  their  immediate  solution.  One  of  the  most 
puzzling  riddles  is  that  concerning  the  derivation  and  homology 
of  the  pectoral  limbs,  or  ''swimming  appendages"  of  the 
Aster olepidce^  the  only  family  of  Ostracophores  in  which 
such  organs  occur.  Different  interpretations  of  their  nature  have 
led  to  a  wide  range  of  opinion  in  regard  to  tlie  relations  of 
Ostracophores  in  general,  some  authors  uniting  them  with  fishes 
proper  and  others  separating  them,  some  deriving  them  from 
the  Elasmobranch  stem,  some  from  the  Crossopterygian,  and 
some  even  from  Arachnids.  It  is  still  a  mooted  point  whether 
Ostracophores  and  Arthrodires  are  genetically  related,  some 
favoring  the  retention  and  others  the  abolition  of  the  group 
Plucodermata  as  originally  proposed  by  M'Coy.  It  is  upon 
controverted  questions  of  this  nature  that  a  study  of  Asterolepid 
appendages  may  be  expected  to  throw  some  light. 

A  variety  of  opinions  has  been  expressed  concerning  the  prob- 
able origin  and  homology  of  these  organs.  Thus,  there  may 
be  noted :  first,  the  theory  that  they  partake  of  the  nature  of 
Arthropod  appendages,  on  the  assumption  that  Ostracophores 
are  descended  from  Arthropods ;  secondly,  the  theory  which  ex- 
plains Asterolepid  limbs  as  the  produced  and  jointed  head-angles, 
or  "comua,"  of  forms  like  Cephalaspis;  thirdly,  the  theory  that 
they  are  derived  from  a  fixea  spine  attaclied  to  the  body,  simi- 
lar to  the  spinous  appendage  oi  AarniluitipiH ;  fourthly,  the 
theory  that  tney  are  derived  from  the  lobate  Crossopterygian  pec- 
toral fin  by  a  process  of  reduction  and  specialization  ;  and  lastly, 
the  theory  that  they  are  independently  derived. 

The  first  two  of  these  hypotlieses  are  evidently  founded  upon 
complete  misconceptions  of  the  structure  and  position  of  Astero- 
lepid limbs,  and  may  be  summarily  dismissed.  The  third, 
wnich  explains  tiiem  as  having  become  evolved  from  a  fixed 
spine,  presupposes  anomalous,  if  not  impossible  conditions. 
Is  either  can  they  be  looked  upon  as  modified  pectoral  fin-spines, 
the  remainder  of  the  fin  having  become  atrophied ;  for  no  simi- 
lar case  of  reduction  is  known  amongst  fishes.  The  fourth  sug- 
gestion, that  these  members  are  derived  from  specialization  of 
Crossopterygian  pectoral  fins,  has  recently  been  put  forward  by 
Mr.  C.  Tate  Kegan,*  and  has  not  yet  been  discussed.  The  fore- 
most objection  that  may  be  urged  against  this  theory  is  that  it 

♦Regan,  C.  T.,  The  Phylogeny  of  the  Teleostomi  (Ann.  Mag.  Nat.  Hist. 
ser.  7,  vol.  liii,  pp.  829-849),  1904. 
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rests  upon  the  unproven  hypothesis  that  Asterolepids  are  highly 
modified  Crossopterygians.  Or,  to  state  the  converse  proposi- 
tion, the  theory  that  these  two  groups  are  genetically  related 
depends  upon  whether  the  modified  limbs  of  the  one  can  be  homo- 
logized  with  the  lobate  pectoral  fin  of  the  other,  there  being  abso- 
lutely no  other  characters  wJiich  can  be  said  to  indicate  com- 
munity of  origin. 

The  absence  of  a  lower  jaw  in  Ostracophores,  the  dissimilar 
arrangement  and  structure  of  their  head-bones,  armouring  of 
the  body,  single  dorsal  fin  without  either  dermal  rays  or  basal 
supports,  heterocercal  tail,  and  absence  of  both  pelvic  and 
pectoral  girdles,  are  characters  which  emphasize  tlie  violent 
contrast  between  forms  like  Pterichthys  and  Crossopterygians. 
That  the  latter  are  descended  from  a  heterocercal  ancestor  is 
not  to  be  questioned,  but  if  we  admit  the  soundness  of  Mr. 
Regan's  conclusion  that  Asterolepids  are  highly  modified 
Crossopterygians,  how  are  we  to  explain  their  reversion  to  the 
primitive  heterocercal  condition,  after  having  passed  through 
the  homocercal  ?  The  anterior  pair  of  limbs  could  hardly  have 
become  so  highly  modified,  without  the  hinder  pair  having  also 
undergone  specialization.  But  even  assuming,  for  sake  of  argu- 
ment, that  the  pelvic  fins  have  become  lost,  we  should  expect 
to  find  remnants  of  a  girdle,  and  in  any  case  some  indication  of 
a  pectoral  arch,  corresponding  to  these  structures  in  Crossop- 
terygians ;  whereas  in  fact  we  do  not. 

The  Asterolepid  paddle  is  not  made  up  of  articulated  rays, 
but  is  simply  a  muscular  extension  of  the  body  encased  in  der- 
mal plates.  An  appendicular  skeleton  is  wanting,  and  the 
external  covering  plates  are  attached  to  the  body-armour  by  a 
complicated  joint,  one  of  the  dermal  plates  being  pierced  for 
the  passage  of  nerves  and  nutrient  canals ;  hence  it  is  clear 
that  in  structure  and  mode  of  attachment  these  limbs  differ 
radically  from  normal  Teleost  conditions.  The  fact  that  Ostra- 
cophores possess  a  much  greater  antiquity  than  Crossoptery- 
gians also  militates  against  the  assumption  that  they  are  modi- 
fied descendants  of  the  latter.  It  is  likewise  impossible  to 
reconcile  the  geological  occurrence  of  the  groups  to  which 
Vephdldspis  and  Pterichthys  belong  with  the  view  expressed 
by  Mr.  Kegan  that  the  former  is  a  specialized  Asterolepid. 

There  remains  finally  the  theory,  which  appears  to  be  not 
very  generally  accepted,  that  Asterolepid  limbs  have  been 
independently  derived.  The  absence  of  an  appendicular  skele- 
ton, and  the  peculiar  mode  of  attachment  of  these  organs,  oflfer 
such  striking  contrasts  to  the  fins  of  fishes  as  to  make  it  impos- 
sible to  conceive  of  a  homology  existing  between  them.  More- 
over, paired  appendages  are  absent,  so  far  as  known,  in  all 
other  Ostracophores.     Either  they  were  formerly  present,  and 
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have  become  lost  through  atrophy,  or  else  thej  were  never 
developed  except  amongst  Antiarcha;  and  if  the  latter  be  true, 
it  is  easy  to  see  that  Asterolepid  appendages  are  unrelated  to 
the  fins  of  fishes,  since  they  originated  in  a  different  way  and 
are  constructed  upon  a  different  plan.  Thev  may  be  regarded 
with  much  probability  as  having  developed  from  a  muscular 
flap,  or  integumentary  extension  of  the  body,  being  of  kindred 
nature  with  tactile  or  clasping  organs,  or  with  the  frontal  spines 
of  Chimieroids.  The  fact  that  one  of  the  dermal  plates  is  pierced 
and  otherwise  modified  for  their  attachment  would  seem  to 
mdicsitethsX pari  passu  with  the  development  of  body-armour, 
the  paired  muscular  extensions  also  became  encased  in  plates. 
But  sphinx-like  though  the  problem  be  as  to  how  and  when  these 
structures  originated,  the  evidence  appears  tolerably  certain 
that  they  have  not  been  derived  from  the  fins  of  Pisces  proper. 

A  word  may  be  said  in  regard  to  the  assumed  "  close  relation- 
ship of  the  CoccosteidcB  and  AsterolepidcBy ''  these  families  being 
representative  of  groups  which  are  united  by  Mr.  Regan, 
together  with  the  Osteostraci,  in  a  single  order  of  Teleostomi. 
We  regard  as  abortive  this  author's  comparison  of  Coccosteus 
with  Pterichthys^  which  leads  him  to  the  conclusion  that  "  the 
arrangement  of  the  bones  of  the  head,  and  especially  that  of  the 
dermal  plates  of  the  body,  can  easily  be  reduced  to  a  common 
plan";  and  it  is  manifestly  untrue  that  "in  the  arrangement  of 
the  bones  of  the  cranial  roof  Coccosteus  is  almost  a  typical 
Crossopterygian. "  A  remote  superficial  resemblance  tliere 
may  be,  in  that  certain  plates  are  syrrmietrically  disposed  with 
reference  to  the  median  line,  but  no  real  homology  can  be 
claimed  to  exist  between  the  cranial  elements  of  Coccosteus  and 
those  of  Crossopterygians  and  Stegocephalians.  It  is  impossible 
to  insist  too  strongly  that  the  jaw- parts  of  Coccosteids  are  totally 
distinct  from  those  of  fishes  proper,  although  a  parallel  exists 
between  them  and  the  dental  plates  of  PaUeozoic  Chimieroids. 
Both  the  upper  and  lower  jaw  of  Arthrodires  consist  of  purely 
dermal  ossifications,  and  teeth,  properly  speaking,  are  absent. 
As  for  the  serrations  which  sometimes  occur  along  the  cutting 
margin  in  one  or  both  jaws,  and  function  as  teeth,  these  are 
not  structurally  differentiated  from  the  supporting  bony  tissue. 
Moreover,  the  lower  dental  plate  ("gnathal"  of  l)ean),  instead 
of  being  articulated  to  the  cranium,  is  suspended  freely  in  the 
soft  parts,  similarly  as  in  Chimaeroids.  There  is  no  evidence 
of  pectoral  fins  amongst  Arthrodires,  and  the  lateral  spine  which 
is  attached  to  the  ventral  armour  evidently  has  nothing  in  com- 
mon with  the  pectoral  limb  of  Asterolepids. 

The  axial  skeleton  of  Coccosteus^  as  depicted  by  Jeekel*  with 

♦Jaekel,   O.,   Ueber  Coccostens  und  die  Beurtheilung  der  Placodermen 

(Sitzangsber.  QeseU.  Naturforech.  Freunde,  p.  Ill),  1902.     Ueber  die 

Bnderorgane  der  Placodermen  (ibid.  pp.  178-181),  1893. 
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its  complement  of  ossiiied  ribs,  has  a  purely  mythical  exist^uee. 
There  are  no  vertebral  rings,  the  axis  being  entirely  cartilagi- 
nous, and  on  either  side  of  this  occur  the  neural  and  hsemal 
arches.  It  is  the  latter  which  Jsekel  has  represented  as  ribs. 
Neither  is  there  a  pelvic  girdle,  as  claimed  by  this  author,  his 
so-called  "  ileum  "  being  erroneously  interpreted  as  such,  and 
inverted  in  position.  The  narrow,  rod-like  portion,  instead  of 
being  directed  dorsally,  and  attached  to  the  cartilaginous  axis, 
in  reality  projected  outward  from  the  body-wall,  being  in  fact 
merely  a  modiiied  anterior  fin-ray.  There  is  a  well-preserved 
specimen  in  the  Paris  Museum  of  Natural  History  which  shows 
these  structures  in  their  natural  position,  followed  by  the 
remaining  fin-rays  in  regular  sequence;  nor  is  this  the  only 
example  which  confirms  the  interpretation  here  given. 

Another  notable  difference  between  Arthrodires  and  Astero- 
lepids  consists  in  the  structure  of  the  dermal  plates  covering 
the  head  and  anterior  part  of  the  trunk.  The  uody-armour  of 
Asterolepids  very  likely  originated  from  the  fusion  of  scales, 
but  Arthrodires  are  naked  without  exception,  and  it  can  be 
demonstrated  that  their  dermal  plates  arose  within  the  integu- 
ment from  secretions  on  both  sides  of  the  initial  layer.  The 
process  was  continuous  throughout  life,  a  succession  of  tuber- 
culated  strata  being  deposited  upon  the  external  surface  of  the 
earlier  formed  laminae,  and  bony  tissue  being  added  underneath, 
also  in  regular  layers.  Altogether,  the  distinction  between 
Arthrodires  and  Ostracophoros  is  so  trenchant  and  far-reach- 
ing, that  the  revival  of  the  group  "Placodermata"  for  their 
union  appears  to  be  an  unwarranted  and  decidedly  retrograde 
movement.  Finally,  we  must  beg  to  differ  from  Mr.  Kegan  in 
his  conclusion  that  "  the  Coccost^idcB  are  Teleostomi,  that  the 
Asterolepidce  are  allied  to  the  Coccosteidce^  and  that  the  Cepha- 
laspidcen^vii  been  derived — through  the  Tremataspidas — from 
the  Askrolepidce^^  this  view  being  unsubstantiated  by  either 
morphological  or  palseontological  evidence,  and  contrary  to  all 
probability.  Nor  can  we  view  with  nmch  favor  Jsekel's 
extraordinary  hypothesis*  that  Coccosteans  are  ancestral  to 
Chimaeroids. 

Harvard  University,  Cambridge,  Mass. 

♦Jaekel,  0.,  Ueber  Bamphodns,  etc.  (Sitzungsber.  GeseU.  Natnrforsch.. 
Freunde,  p.  892),  1903. 
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Art.  XIX.  —  Electrooroplsm  of  Roots;    by  Amon  B. 
Pix)WMAN.    (Prenminary  Communication.) 

In  a  brief  report  some  two  years  ago  on  the  relations  of 
plant  growth  to  ionization  of  soil*  it  was  suggested  that  the 
taming  of  root  tips  toward  the  anode  is  most  easily  accounted 
for  by  attributing  this  reaction  to  the  effect  of  the  electrons, 
or  electric  charges  of  the  ions,  rather  than  to  any  mere  chem- 
ical effects  of  the  atoms. 

Since  the  publication  of  that  report  an  extensive  study  of 
electrotropic  phenomena  has  been  carried  on  at  the  Memorial 
Research  Laboratory  of  Harvard  University.  The  results 
seem  to  indicate  that  the  explanation  advanced  in  the  above- 
mentioned  paper  is  entirely  correct,  and  further,  that  the  con- 
clusion that  "  negative  charges  stimulate,  and  positive  charges 
paralyze,  the  embryonic  protoplasm  of  plants,"  is  well  founded. 

Many  kinds  of  seedlings  have  been  grown  both  in  ordinary 
soil  and  by  the  water-culture  method  in  the  presence  of  an 
electric  currrent,  under  the  most  widely  varied  conditions  of 
temperature,  current  density  and  culture  coniposition,  with 
results  which  are  altogether  uniform  in  kind.  Even  the  least 
perceptible  current  passing  by  the  roots  will  in  time  overcome 
their  normal jpeotropic  tendency,  and  will  turn  their  tips  toward 
the  anode.  The  passage  of  a  comparatively  strong  current  for 
only  a  few  minutes  will  produce  a  marked  curvature  after  two 
or  three  hours.  Vigorous  roots  have  been  deflected  90°  from 
their  downward  course  in  half  an  hour  by  a  moderately  strong 
current.  In  such  a  case  as  this,  if  the  current  is  kept  on,  the 
roots  grow  horizontally  toward  the  anode,  while  if  the  current 
is  turned  off  they  either  continue  curving  until  a  complete  coil 
is  formed,  or  they  may  gradually  bend  downward  again,  form- 
ing a  double  curve.  In  any  case  the  region  of  the  initial 
curvature  is  dwarfed  in  its  growth  and  does  not  become  nearly 
as  large  in  diameter  as  the  parts  either  above  or  just  below. 
There  is  also  always  a  flattening  of  the  root  on  the  concave 
side  of  the  curve.  This  flattened  region  always  remains  white 
when  the  root  tips  are  fixed  in  Flemming's  fluid,  while  the 
other  parts,  like  normal  roots,  are  blackened  by  a  prolonged 
action  of  osmic  acid  solutions. 

A  study  of  the  histology  of  such  electrically  curved  roots 
shows  that  the  protoplasm  on  the  side  nearest  the  anode  has 
been  coagulated  and  killed  by  the  action  of  the  current.  The 
cells  are  completely  plasmolyzed,  and  their  walls  are  exceed- 

*  This  Journal,  xiv,  p.  131,  Aug.  1902. 
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ingly  thin  and  much  crushed.  Where  the  root  has  been  acted 
npon  for  but  a  very  short  time  only  a  few  of  the  cortical  cells 
are  aflEected,  while  for  longer  action  of  the  current,  or  more 
intense  current,  the  affected  zone  grows  wider  and  wider,  until 
it  may  involve  the  entire  structure  of  the  root.  In  every  case 
the  boundary  line  between  the  affected  zone  and  the  normal 
part  is  practically  a  straight  line  exactly  at  right  angles  to  the 
path  of  the  current.  The  effect  is  of  course  most  pronounced 
m  the  region  of  most  rapid  normal  growth.  Very  weak  cur- 
rents tend  to  check  growth  in  length,  and  the  roots  conse- 
quently take  on  a  more  stocky  appearance.  They  are  often 
actually  thicker  than  the  normal  roots  of  the  control. 

That  the  results  of  these  experiments  are  to  be  attributed  to 
purely  chemical  causes  is  rendered  highly  improbable  by  the 
fact  that  the  results  are  practically  uniform,  no  matter  what 
the  ions  of  electrolysis  may  be.  Distilled  water,  very  dilute 
acids,  bases,  and  neutral  salts  all  are  apparently  alike  in  this 
relation,  their  effects  differing  only  with  their  varying  electri- 
cal carrying  power.  Whatever  may  be  the  relation  of  mass 
action  and  of  chemical  and  physical  affinity  to  growth  under 
normal  conditions,*  it  would  seem  that  in  the  present  case  the 
all-important  factor  is  the  electron  or  electric  charge  of  the 
ion,  and,  more  specifically  for  our  purpose,  the  positive  elec- 
tron, since  it  is  this  one  which  produces  the  most  striking 
effects.  And  so  far  as  is  at  present  known,  those  effects  are 
always  in  the  same  direction,  viz  :  paralysis  or  actual  death  of 
the  protoplasm  exposed  to  the  action  of  a  positive  charge.  As 
for  the  negative  electrons,  it  seems  safe  to  say  that  in  the 
majority  of  cases  they  are  neutral  in  their  relation  to  living 
cells,  and  where  any  effect  is  perceptible  it  is  in  the  way  of 
stimulation  of  the  protoplasm. 

There  is  now  in  prepamtion  for  publication  in  this  Journal 
a  fully  illustrated  report  of  this  series  of  experiments,  together 
with  a  consideration  of  the  practical  and  theoretical  bearings 
of  the  facts  involved. 

Phanerogamic  Laboratories,  Harvard  University,  June  1904. 

*  See  the  article  by  J.  B.  Dandeno,  this  Journal,  xvii,  pp.  487-458,  Jane 
1904. 
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Abt.  XX. — On  the  Oxygen  Absorption  Bands  of  the  Solar 
Spectrum;  by  O.  C.  Lester.*  (With  Plates  II,  III 
and  IV.) 

The  present  research  was  undertaken  with  the  object  of 
investigating  as  fully  as  possible  the  structure  and  extent  of 
the  oxygen  absorption  spectrum.  This  includes  a  study  of 
the  relations  existing  between  the  lines  of  a  band  and  also 
between  the  several  bands,  taking  into  account  those  groups 
above  a  which  do  not  seem  to  have  been  considered  before.  In 
order  to  do  this  satisfactorily  it  was  necessary  to  have  very 
accurate  measurements  of  the  wave  lengths.  Tlie  best  deter- 
minations previously  made  are  those  of  Rowland  and  Higgs, 
bat  neither  gives  all  the  lines  even  of  the  groups  A,  B,  and  a. 
Rowland's  measurements  are  nearly  complete  for  B,  but  he 
gives  only  a  few  for  the  other  two  groups.  Higgs  gives  A 
and  B  and  up  to  the  ninth  pair  of  a,  and  although  he  and 
Rowland  agree  remarkably  well  in  general  upon  B,  judging 
from  the  few  lines  in  A  which  both  have  measured  the  agree- 
ment is  not  so  good,  there  being  much  greater  discrepancies 
than  one  would  expect  from  the  accuracy  claimed  for  their 
measurements.  Hence  it  seemed  worth  while  to  make  new 
determinations  of  all,  or  nearly  all,  the  lines  previously  meas- 
ured, and  in  addition  many  new  lines  are  given.  It  is  hoped, 
therefore,  that  the  present  determination  of  the  wave  lengths, 
taking  into  account  the  best  previous  results,  have  both 
extended  and  unitied  the  measurements  on  these  bands  and 
rendered  tbem,  on  the  whole,  more  accurate  ;  thus  doing  for 
the  absorption  spectrum  of  oxygen  what  a  similar  work  of 
M.  Eisigf  has  done  for  the  line  spectrum. 

Because  of  the  precision  which  it  is  possible  to  attain  in  the 
measurement  of  this  spectrum,  a  careful  study  of  the  relations 
subsisting  between  the  lines  and  bands  furnishes  an  excellent 
test  of  the  so-called  laws  of  Deslandres  for  band  spectra.  They 
are  briefly  as  follows : 

1.  In  a  given  band  the  intervals  from  one  line  to  the  follow- 
ing in  any  series,  calculated  in  vibration  numbers,  are  in  arith- 
metical progression,  i.  e.,  the  lines  are  connected  by  a  relation 
of  the  form 

-  =  N  =  a'\'bn^ 

A 

*  Abstract  of  a  thesis  presented  to  the  Philosophical  Faculty  of  Yale 
University,  June,  1904,  for  the  degree  of  Doctor  of  Philosophy.  The  paper 
will  appear  in  extenso  in  the  September  number  of  the  Astrophysical 
Jonmfd. 

f  M.  Eisig  :  Das  linienspektrom  des  Sanerstoffs,  Wied.  Ann.,  li,  1894. 
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where  a  and  h  are  constants  and  n  takes  on  all  integral  values 
from  0  to  n, 

2.  When  several  series  arise  from  the  edge  of  a  band  they 
are  similar  in  all  respects,  and  all  bands  belonging  to  the  same 
substance  have  the  same  number  of  series. 

3.  In  a  series  of  bands  the  vibration  numbers  of  the  edges 
form  a  series  similar  to  tliat  of  the  lines  in  a  single  band. 

These  laws  are  the  most  general  in  their  application  that 
have  yet  been  announced.  Deslandres  tested  tliem  on  many 
•  spectra,  although  he  never  published  details  showing  the  exact- 
ness of  agreement.  Kayser  and  Runge*  have  obtained  a  gen- 
eral confirmation  upon  bands  of  many  substances,  including 
those  of  N,  C,  CO,  CN,  and  I,  but  the  laws  do  not  apply 
equally  well  to  all  cases  and  occasionally  appear  to  degenerate 
into  mere  interpolation  formulae.  The  difficulties  in  the  way 
of  obtaining  more  exact  expressions  for  the  laws  are  in  measur- 
ing the  wave  lengths  of  bands  accurately  enough  to  warrant 
taking  into  account  small  variations  of  the  reciprocals,  and,  in 
the  case  of  the  third  law,  in  finding  a  long  enough  series  of 
bands  capable  of  precise  measurement.  Most  of  the  bands 
hitherto  investigated  are  in  the  upper  part  of  the  spectrum, 
where  a  small  error  in  the  wave  length  causes  a  large  error  in 
the  reciprocal. 

Measurement  of  Wave  Lengtlis, 

In  the  measurements  of  Rowland  and  Higgs  to  which  ref- 
erence is  made  above,  both  use  the  same  unit,  viz.  10" '  mm., 
and  their  results  appear  to  be  equally  accurate.  For  those 
lines  in  B  and  a  which  both  have  measured  and  for  which  the 
agreement  is  '01  of  a  unit  or  closer,  the  value  adopted  in  the 
present  work  is  the  mean  of  the  two.  In  case  the  disagree- 
ment is  greater  than  one  would  attribute  to  errors  of  obser- 
vation, the  value  adopted  is  the  mean  of  my  own  final  result 
and  the  one  which  it  confirms,  provided  such  agreement  is 
decidedly  stronger  with  one  than  with  the  other.  In  some 
cases  the  mean  of  all  three  measurements  was  taken.  For  the 
large  majority  of  the  lines  in  A  and  a  the  values  given  are  the 
means  of  my  own  and  Higgs'  results  alone.  Those  of  a*  and 
a"  have  not  been  given  before.  Since  '01  of  a  unit  is  about 
the  limit  of  accuracy  in  general,  it  has  been  thought  best  to 
retain  only  two  decimal  places  in  the  wave  lengths  except  in 
the  case  of  B,  where  many  of  the  lines  are  taken  as  Higgs  and 
Rowland  give  them.  It  may  be  added  further  that  the  third 
decimal  place  rarely  affects  even  the  seventh  place  of  the 
reciprocal. 

*  Ueber  die  Spekt^n  der  Elements :  Abhandl.  der  Berl.  Akad.,  1888-92. 
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The  measarements  of  the  stronger  lines  were  made  as  usual 
with  a  micrometer  microscope.  Some  of  the  weak  lines  4iad 
to  be  strengthened  by  a  fine  mark  placed  on  the  back  of  the 
negative.  Others  were  measured  from  Rowland's  charts,  care 
bemg  taken  to  set  on  the  center  of  density  of  the  lines.  This 
last  method  is  better  for  weak  lines,  although  even  here  a  fine 
mark  must  sometimes  be  used,  as  any  magnification  by  the 
micrometer  causes  some  of  them  to  melt  into  the  background. 

The  group  a'  was  first  noted  by  Jewell.^  In  the  "  head  "  or 
first  band  of  this  group,  many  of  the  lines  appear  double  and 
some  foreign  lines  seem  to  be  present.  The  line  5789*40, 
which  is  the  *'  chief  line  "  of  this  band  corresponding  to  simi- 
lar lines  in  A,  B,  and  a,  has  been  assumed  double,  as  it  is  in  all 
the  other  bands.  The  only  indication  of  being  double  actually 
shown  is  its  greater  intensity  and  a  certain  flatness  of  the 
intensity  curve  characteristic  of  close  doubles.  The  uniformity 
of  the  two  series  also  calls  for  a  close  double  at  this  place. 

The  approximate  positions  of  many  of  the  lines  in  the 
group  called  a"  were  calculated  from  relations  established 
between  the  other  groups,  the  observed  values  differing  by 
less  than  '2  of  a  unit  from  the  calculated.  The  lines  are  all 
extremely  weak.  Some,  though  not  all  of  them,  appear  on 
negatives  taken  in  zero  weather,  which  indicates  that  tney  are 
not  water- vapor  lines.  The  first  band  of  the  group  begins  as 
usual  with  a  double  line,  possesses  a  chief  line  and  a  final  pair 
in  its  proper  position,  as  a  glance  at  the  groups  as  shown  in 
Plate  ill  will  show.  Probably  not  all  the  lines  present  can  be 
seen.  Many  are  so  faint  as  to  be  visible  only  on  the  charts 
and  then  only  when  they  are  held  in  particular  positions  with 
respect  to  the  light.  Some  of  the  lines  are  stronger  on  the 
corresponding  chart  of  Rowland's  first  series,  which  is  more 
intense  than  the  second.  No  attempt  has  been  made  to  meas- 
ure many  of  the  lines  of  this  group  closer  than  the  nearest 
half-tenth,  which  is  readily  done  by  estimation.  Blunders  and 
mistakes  in  calculation  for  all  groups  except  A  have  been  prac- 
tically eliminated  by  the  use  of  verniei-s  made  to  fit  Rowland's 
charts,  which,  in  spite  of  irregularities  in  the  map  scales,  enabled 
any  but  small  mistakes  to  be  detected  at  once. 

*The  Absorption  Spectrum  of  Oxygen  ;  Astron.  and  Astrophys.,  xii,  1893. 
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Table  I. 

3ro(^. — Each  band  containB  two  series  which  go  by  pairs.     Consequently  to 
obtain  a  single  series  of  a  band  alternate  numbers  most  be  taken. 


A 

Firsthand. 

Second  band. 

759400 

7621-27 

95-27 

•   23-53 

94-28 

24-77 

95-55* 

27-30 

94-81 

28-52 

96*06 

31-28 

95-55 

32-49 

96-79 

35-47 

96  51 

36-65 

97-74 

39*86 

97-70 

41-01 

98-90 

44-46 

9914 

45-59 

7600-30 

49-27 

00-80 

50-40 

01-95 

54-33 

02-65 

55-45 

03-80 

59-62 

04-73 

60-73 

05-87 

6514 

0705 

66-25 

08-20 

70-89 

09-57 

71-97 

10-72 

76-86 

12-33 

77-92 

13-45 

83  06 

15-32 

84-11 

16-41 

89-47 

»        M        W       9 

90-50 

«     M    a»     « 

96ir 

•    *    •    • 

97-13 



03-02 

•       ••     «    • 

7704-02   ' 

«     «     •    • 

10-16 

*    .    -    » 

1116^ 

«    »     *    * 

17-60 

18-55 

B 

Fiist  band. 

Secondhand. 

6867-458 

6884-080 

68-457 

86-004 

67-794 

86-982 

68-780J 

89-183 

68-337 

90-144 

69-338 

92-614 

69-144 

93-559 

70-130  )  g 
70-220  J  8 

96-282 

97-197 

71-180 

6900-196 

71-528 

01-116 

72-489 

04-363 

73-078 

05-263 

74-039 

08-785 

74-888 

09-677 

75-830 

13-449 

76-953 

14-331 

77-878 

18-865 

79-275 

19-245 

80-173 

23-542 

24-416 

28-986 

29-839 

34-669 

•    . .  • 

35-518 

40-584 

41-430 

46-770 

47-580? 

*  Higgs  gives  also  95*42  and  95*66;  probably  oatside  edges  of  this  line. 

f  These  lines  taken  from  Higgs'  measnrements,  and  from  the  oniformity  of 
the  series  preceding  they  appear  a  little  large. 

1  This  line  apparently  double. 

§  These  lines  constitute  the  so-called  '^  chief  line.  '^  Components  difficalt 
to  measure  accurately. 
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First  band. 

Second  band. 

First  band. 

Second  band. 

6276-81 

6287-94 

6788-33 

6796-30 

77-66 

89-60 

(88-55)§ 

97-76 

77-03 

90-42 

89-00 

(donble?) 

98*43| 

77-86 

92-35 

88-76 

6800-18 

77-52 

93  16 

89-40 

(chief  line) 

00*83 

78-29* 

95-36 

89*40 

02-87 

78-29 

96-34 

(89-71) 

03-61 

7907 

98-64 

90-07 

06-84 

79-31 

99-41 

90-32 

(doable  ?) 

06-47 

80-08 

6302-18 

90*97 

09-10 

80-61 

02-05 

91-49 

09-72 

81-37 

06-00 

(91-78) 

12-64 

82-16 

06-75 

92-15 

13-25 

82-93 

1006 

92-96 

16-46ir 

84-00 

10-81 

93*60 

17-07 

84-75 

14-40 

•    «    «    aw 

20-58 

•  •  •  • 

15-14 

A    «    •    « 

21.16 

•  •  •  • 

19-02 

w     »    »    » 

24  94 

•  •  •  — 

19-75f 

«     w      •    w 

25-62 

•  —  •  • 

23-92 

•    »     »    * 

...» 

•  •  • » 

24-64 

•     *      «    • 

.... 

•  •  •  • 

29-10 

»    *     w    • 

.... 

»    »    m    m 

29-82 

•    -     «    * 

.... 

m    ^    ^    m 

34-55 

*    «     »     * 

• .  — . 

.... 

35-26t 

*     •     «     • 

.... 

.... 

40-28 

-    .     •     • 

.... 

.... 

40-98 

w     ■•       —      — 
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First  band. 

Second  band. 

5377-20 

5384-27 

77-32 

85-45 

78-00 

86  05 

78*38  (chief  line) 

87-50  (double?) 

79-45  (double?) 

88-10** 

80-00 

80*20  (double?) 

■ 

(  89*85  )  . . 
(  90*45  f  " 

80-85          " 

92*55    (covered) 

81-40 

93-10** 

81*97 

95-55 
96-10 

*  Chief  line  and  evidently  a  close  double.  Higgs  gives  also  78*19  and 
78*38,  apparently  the  outer  edges. 

t  End  of  Higgs'  measurements.     X  This  line  bidden  by  adjacent  heavy  line. 

§  Lines  bracketed  do  not  appear  to  fit  the  series.     Perhaps  foreign. 

I  Covered  by  heavy  line.  ^  Hidden  by  heavy  adjacent  line. 

•*  Stronger  on  old  chart. 

ft  Hidden  by  a  group  of  five  heavier  lines,  none  of  which  actually  cover  the 
positions  but  the  shading  renders  them  invisible. 
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Fint  band. 

Sc^oml  band. 

Fintt  band. 

Swcmil.L 

TftO-l'Od 

76^l-:i7 

6867-458 

0SS4-i-' 

95-27 

■   23-5:) 

6B-457 

8(1-1 

fl4-28 

24-77 

67-794 

M.:- 

05'55' 

27-30 

68-7COt 

s;i- 

94-81 

28-62 

68-337 

!)6-06 

3r:i8 

60-338 

95-55 

32-49 

69-144 

96-79 

35-47 

70-130  1  a 
70-220  (  « 

9fi-5I 

36-65 

97-74 

39-86 

7ri80 

97-70 

41-01 

71-528 

9«-nn 

44-46 

72-4P9 

99-14 

45-59 

73078 

76<M)-30 

49-27 

74-039 

00-80 

50-40 

74-888 

01-95 

54-33 

75-830 

0:>-«5 

55-45 

76-953 

03-80 

59-62 

77-878 

04-73 

60-73 

79-275 

05-87 

65-14 

80-173 

0705 

66-25 

— 

08-20 

70-89 

09  57 

71-97 

10-72 

70-86 

. 

12-3S 

77-92 

j^      . 

13-45 

83 'OS 

15-32 

84-11 

...^^^H 

16-41 

89-47 

-.jfl^^l 

i)"-50 

90-11 

(17-13 

03-03 

7704'02 

10-16 

1116 

17-60 

18-55 

*  HiggB  t(iv«a  alsu  9542  nod  95 

f  TbeM  lines  taken  from  Higgs' 
the  wriet  praoedmg  tliey  api 

X  Tbu  line  ap]  '     ' 

gThew  lines 
to  meaSDre  aoaiintt^ly. 


^ands. 


rii 


^-Hilled  beyond  the 
^  f)"e  not  80  strong. 
^  "inliiig  lines  to  Ce 

1  liaiids  are  clearly 

licru  whieli  are  Biib- 
longtli»,  bnt  ill  tliii> 
-lundres'  first  law  is 
Unv  is  but  a  rough 
ii;  application  to  tlie 
constant  b  is  cal- 


M-7S 


Diff. 

0-00 
+  4-69 
+  7-04 
+  7-07 
+   4-68 

(1-00 
—  7-03 
— 16-46 
—38-23 
—98-76 
-138-34 

■-  would  allow  a  variation 

i.-t  column.     The  fact  is, 

iriiDStant,  at  least  for  this 

ff,  calculated  for  the  <lif- 


-1-098  when  «  =  7 

-0-993  " 

-0-911  " 

■  0-S4()  " 

0-792 

i,-V48  " 

'^'710  when  n  =  13 

ill  the  bands,  except 

I  rslaee  are  always 

■■■i  of  b  for  hoinol- 

■■  coustant. 

:is  ordinate^  and 

'<!  n-hich  at  once 
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The  terms  "  head  "  and  "  tail "  or  "  train  "  used  to  designate 
the  two  parts  of  the  A,  B,  and  a  groups  cannot  be  taken  in 
this  case  in  the  usual  sense  of  these  tern)s  as  applied  to  band 
spectra,  and  are  really  misnoirei.i.  The  si^eccruni  is  composed 
of  two  series  of  entirely  separate  bands  instead  of  a  single 
series,  the  so-called  "  heads  "  forming  the  first  and  the  "  tails  " 
the  second.  The  first  series  has  the  apneai-ance  of  being  nearly 
all  "  head  "  and  the  second  all  ''  tail,''  out  the  apparent  crowd- 
ing and  confusion  in  the  case  of  the  former  is  due  to  the  dis- 
tance between  the  first  few  pairs  being  less  than  their  width. 
That  the  "head"  and  "tail"  are  really  separate  bands  is 
apparent  from  the  following  considerations. 

Both  "head  "  and  "  tail"  begin  with  pairs  of  the  same  width, 
which  decrease  in  width  with  increasing  wave  length  in  the 
same  manner. 

No  series  in  a  "  head  "  or  "  tail "  is  a  continuation  of  a  series 
in  the  other  as  it  should  be  if  they  were  parts  of  the  same 
band.  Also,  the  first  and  second  differences  between  homolo- 
gous lines  in  the  "  heads  "  and  "  tails  "  form  entirely  different 
series  as  do  the  ratios  of  the  homologous  lines.  Further,  while 
there  are  no  lines  in  places  calculated  for  the  tail  series  extended 
upward,  faint  lines  appear  to  be  in  the  proper  places  for  an 
extension  of  the  head,  just  as  if  the  first  band,  instead  of 
fading  out  gradually  as  the  second  does,  should  drop  very  sud- 
denly in  intensity  on  approaching  the  region  occupied  by  the 
second.  That  this  is  apparently  what  happens  is  indicated 
also  by  the  fact  that  the  last  line  of  what  is  usually  considered 
the  last  pair  in  the  "  head  "  of  B  is  scarcely  half  the  intensity 
of  its  mate  and  in  a  is  less  than  half.  Extending  the  series  of 
the  first  bands  of  B  and  a  we  find  the  foUowmg  agreement 
between  observed  and  calculated  values. 

B  a 


Observed. 

Calcalatcd. 

Observed. 

CalcTilated. 

6879-28  )  „. 
80-17  ) 

•  —  •  • 

6284-00  \  ^ 
84-75  \ 

^    ^    m   ^ 

»  w  »  w 

•    *    A   • 

81-80 

81-85 

86-09  ' 

86-11 

82-72t 

82-72 

86-88 

86-84 

84-65 

84-67 

88-48 

88*49 

85-64 

85-52 

89-20 

89-20 

87-75 

87-74 

91-14  (covered) 

91-14 

88-60 

88-57 

•    *    w    w 

91-83 

91-05 

91-06 

•  •  —  • 

•     *    •    B 

91-87 

01-87 

•  •  •  • 

«    «    A    9 

94-67 

94-63 

V  _  •  • 

S    «    •    • 

95-50 

95-42 

*  Last  pair  of  Btrong  lines. 


f  Hidden  by  heavy  adjacent  line. 
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IndicationB  that  the  first  A  band  is  continued  bejond  the 
last  strong  pair  are  not  lacking  though  they  s^e  not  so  strong. 
The  other  groups  are  too  faint  for  corresponding  h'nes  to  be 
observed  in  them. 

The  geometrical  relations  of  both  lines  and  bands  are  clearly 
seen  in  Plates  III  and  IV. 

In  most  spectra  it  is  the  vibration  numbers  which  are  sub- 
ject to  regular  laws  rather  than  the  wave  lengths,  but  in  this 
case  it  makes  little  difference  so  far  as  Deslandres'  first  law  is 
concerned,  which  is  taken.  The  first  law  is  but  a  rough 
approximation,  as  is  shown  by  the  following  application  to  the 
second  series  of  the  second  band  of  B.  The  constant  b  is  cal- 
cnlated  from  the  sixth  line. 


y-  observed. 

-y  calculated. 

Diflf. 

14526-27 

14626*27 

0*00 

62015 

624*84 

4-    4-69 

513-49 

520*53 

+    7*04 

506-29 

513*36 

-f    7-07 

14498*65 

14503*33 

+    4-68 

490-42 

490-42 

0-00 

481*70 

474*65 

—   7*05 

472-45 

456*00 

—  16*45 

462-72 

424-49 

—  38*23 

418-63 

319*67 

—  98-76 

406-26 

292  92 

—  123*34 

The  accuracy  of  the  measurements  would  allow  a  variation 
of  only  a  few  hundredths  in  the  last  column.  The  fact  is, 
Deslandres'  constant  b  is  not  really  a  constant,  at  least  for  this 
spectrum,  as  the  following  values  of  J,  calculated  for  the  dif- 
ferent lines  of  the  above  series,  show : 


b  = 

-6-12    when 

n  ; 

z^ 

1 

b  = 

—  1-098  when 

n  =  7 

—  3*196 

(( 

—  0*993 

(; 

—  2-22 

<( 

—0*911 

(( 

-1-726 

a 

—  0*846 

(( 

—  1-434 

a 

—  0*792 

(( 

—  1-238  when 

n 

" 

6 

—  0*748 
—0-710  when 

n  —  13 

The  variations  of  b  are  the  same  for  all  the  bands,  except 
that  for  the  second  band  series  the  initial  values  are  always 
larger  than  for  the  first.  Also,  the  values  of  b  for  homol- 
ogous lines  of  the  same  band  series  are  nearly  constant. 

If  the  values  of  b  for  any  series  are  plotted  as  ordinates  and 
the  values  of  n  as  abscissse,  curves  are  obtained  which  at  once 
suggest  a  much  better  law. 
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The  6w -curve  for  sec.  series,  sec.  band,  Group  B. 

The  curve,  in  form,  is  very  nearly  an  equilateral  hyperbola. 
Assuming  it  to  be  such  we  have  • 

bn  =  k=  const. 

This,  however,  is  not  quite  true,  but  if  a  correction  is  made  as 
follows, 

bn—  —  :=  k 
c 

then  k  is  almost  exactly  constant.  Substituting  this  value  of 
b  in  Deslandres'  formula  we  have 

N  =  a+kn  +  c7i*. 

That  is,  the  correction  for  Deslandres'  law  is  of  the  first  order 
in  fi  instead  of  being  as  usual  of  a  higher  order ;  the  constant 
k  is  very  large  compared  with  c.  Both  c  and  k  are  different 
for  the  different  series  but  their  variations  are  small. 

The  increased  accuracy  of  the  new  formula  is  shown  by  its 
application  to  the  same  series  of  B  calculated  above  by  Des- 
landres' law.  The  differences  only  are  given  here  correspond- 
ing to  the  third  column  above. 


0-00 

+  0-01 

k  =  5-86 

-f  0-00 

—  0-04 

c  =     -2611 

-fO-02 

—  0-07 

+  0  05 

+  0-01 

+  000 

—  0-02 

+  0-02 

—0-05 

+  0-01 

—0-16 
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The  second  differences  of  the  new  formula  are  constant  as 
they  are  in  that  of  Deslandres,  and  it  is  evident  from  the  near 
approach  to  constancy  observed  in  the  second  differences  of 
both  N  and  X,  that  some  law  based  on  this  property  is  the 
true  one.  That  the  lines  follow  some  very  definite  arrange- 
ment is  seen  from  the  smoothness  of  the  Jn-curves  and  from 
the  smallness  of  the  differences  between  the  observed  and  cal- 
culated values.  It  is  quite  probable  that  the  proposed  formula 
will  be  found  to  represent  the  line  series  of  other  band  spectra 
more  closely  than  the  old.  This  I  have  not  as  yet  investigated. 
Assuming  the  proposed  law  to  be  exact  we  have  on  the  other 
hand  a  criterion  of  the  accuracy  of  the  measurements  of  the 
wave  lengths.  It  is  quite  likely  that  if  the  series  were  longer 
the  formula  would  need  an  additional  term,  possibly  one 
depending  on  the  wave  length.  This  is  a  matter  for  further 
investigation.  The  formula  may  have  some  theoretical 
importance  also,  as  the  formulse  so  far  deduced  theoreti- 
cally have  not  contained  the  first  power  of  7i. 

Deslandres'  second  and  third  laws  are  only  approximate  for 
this  spectrum  but  a  correction  for  them  could  not  be  obtained 
with  certainty,  owing,  in  the  case  of  the  third  law,  to  the 
shortness  of  the  band  series. 

The  points  of  chief  importance  in  the  foregoing  discussion 
may  be  summarized  as  follows : 

1.  The  general  accuracy  of  the  determination  of  the  wave 
lengths  in  the  groups  A,  B,  and  a  has  been  greatly  increased 
ana  the  series  which  compose  them  considerably  extended. 

2.  The  band  a'  has  been  measured  and  its  relation  to  the 
other  groups  studied  for  the  fii*st  time,  and  in  addition  a  new 
band  a^  has  been  observed  and  studied  at  X  =  5377*2. 

3.  The  oxygen  absorption  spectrum  has  been  shown  to  con- 
sist of  two  distinct  series  of  bands  instead  of  one,  the  series  of 
bands  occuring  in  pairs  lust  as  do  the  series  of  lines  in  a  band. 

4.  Deslandres'  first  law  iias  been  shown  to  be  entirely 
inadequate  to  represent  the  line  series  of  the  several  bands  and 
a  modification  is  proposed  which  gives  results  agreeing  with  the 
observed  values  to  about  the  limit  of  error  of  the  measure- 
ments. 

In  conclusion  I  wish  to  express  my  thanks  to  Prof.  A.  W. 
Wright,  whose  kindly  interest  and  criticism  have  been  of  great 
benefit  throughout  this  investigation,  and  through  whose  aid 
the  excellent  photographs  of  the  spectrum  were  obtained. 

Sloane  Physical  Laboratory,  Yale  University. 

May  1,  1904. 
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EXPLANATION  OF  PLATES  U  TO  IV. 


Plate  II. 


1. — A  gpronp 

O  A         «< 

8.—A  ** 

4.— A  ** 

5.— A  " 

6.— A  " 


Kirchhoff.     PriBmatic  Bpectmm. 

Thollon.  " 

Langley.      Grating  Bpectrom. 

Piazzi  Smyth.  **  ** 

Cornn.  '*  ** 

Drawn  from  pliotographB  with  large  Bowland 
grating  in  Sloane  Laboi-atorj.  The  last  three  pairs  added  from 
measureiiientB  of  wave  lengths.  Comparison  was  made  with 
Higgs^  photographs  of  A  which  are  probahly  the  best  yet  taken. 
The  drawing  shows  all  details  except  the  ''secondary  series.*' 
The  eighteenth  pair  is  cat  off. 

Plate  III. 

The  groups  as  represented  in  Plate  III  are  drawn  from  the  measarements 
of  the  wave-leng^Iis.  Beginning  with  A,  they  are  arranged  in  order,  one 
above  the  other,  with  the  first  lines  of  the  second  bands  forming  a  istraight 
line.  This  pyramid-like  grouping  of  the  bands  is  especially  effective  in 
showing  the  symmetrical  arrangement  of  the  pairs  from  ^ronp  to  gn^np  and 
their  decreasing  width  from  A  to  a". 

Plate  IV. 

The  distance  between  the  lines  marked  A  and  B  is  ¥^j  representing  the 
distance  in  wave  lengths  between  these  two  bands.  The  other  horizontal 
lines  are  drawn  at  distances  proportional  to  their  distances  in  wave  lengths 
from  A.  Plotted  in  this  way  the  corresponding  lines  of  the  several  bfuids 
fall  almost  exactly  in  a  straight  line,  this  being  especially  tme  for  those 
lines  whose  wave  lengths  are  most  accurately  measured. 
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SCIENTIFIC   INTELLIGENCE. 

I.    Geology  and  Natural  History. 

1.  United  States  Geological  Survey, — The  following  publica- 
tions have  recently  been  received: 

Professional  Paper  No.  11. — The  clays  of  the  United  States 
east  of  the  Miesissippi  River;  by  Helnrtch  Ries.  287  pp.,  9 
pis.,  11  figs.  The  origin  of  clay,  its  composition,  varieties  and 
uses  is  discussed  and  its  geologic  distribution  described.  The 
greater  part  of  the  paper  is  taken  up  with  a  detailed  description 
and  discussion  of  the  clay  deposits  and  the  clay  industry  of  the 
states  east  of  the  Mississippi. 

No.  12. — Geology  of  the  Globe  Copper  District,  Arizona;  by 
F.  L.  Ransomb.     165  pp.,  27  pis.,  10  figs. 

The  oldest  rocks  of  the  Globe  district  are  crvstalline  schists  of 
pre-Cambrian  age,  which,  together  with  intruded  masses  of  gran- 
itic rocks,  form  the  core  of  the  Pinal  range.  Upon  these  schists 
lie  a  series  of  shales,  conglomerates  and  quartzites,  varying  in 
thickness  from  500  to  800  feet,  which  have  been  assigned  to  the 
Cambrian.  Overlying  these  is  a  series  of  limestones  with  a 
maximum  thickness  of  about  400  feet.  They  range  in  age  from 
Devonian  to  Upper  Carboniferous.  In  addition  to  the  sedimen- 
tary rocks  there  are  large  masses  of  diabase,  which  were  intruded 
chiefly  in  the  form  of  silts  between  the  sedimentary  beds.  Later 
still,  another  volcanic  eruption  brought  extension  masses  of  dacite 
into  the  region. 

The  structure  and  topography  of  the  region  is  largely  depen- 
dent upon  the  great  number  of  faults  found  in  the  district.  Mr. 
Ransome  says,  **  Probably  few  equal  areas  of  the  earth's  surface 
have  been  so  thoroughly  dislocated  by  an  irregular  network  of 
normal  faults,  and  at  the  same  time  exhibit  so  clearly  the  details 
of  the  fractioning." 

Mining  in  the  district  was  commenced  in  1874.  The  early 
work  was  done  on  silver  and  gold  deposits,  the  copper  ores  which 
are  the  predominant  ones  to-day  not  having  been  seriously  worked 
until  after  1881.  Since  then  the  quadrangle  has  produced  approx- 
imately 120,000,000  pounds  of  copper. 

The  copper  ores  belong  to  two  mineralogical  classes:  (1)  oxi- 
dized ores  being  mostly  cuprite,  malachite  or  chrysocolla,  and  (2) 
sulphide  ores  being  mostly  pyrite  and  chalcopyrite.     The  first 

froup  has  furnished  the  major  part  of  the  ore  up  to  the  present, 
'he  ore  bodies  exhibit  various  forms  and  may  be  classed  as  (1) 
lodes,  (2)  masses  in  limestone  and  (3)  irregular  mineralization  of 
shattered  or  permeable  rocks.  The  lodes  are  usually  simple  veins 
occupying  fault  fissures.  The  important  ore  bodies  are  those  in 
the  limestone.  These  are  usually  rudely  lenticular  in  shape,  and 
lie  roughly  parallel  to  the  bedding  of  the  rock  occurring  scat- 
tered irregularly  through  it.     They  are  usually  either  in  a  prom- 
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inent  fault  fissure  or  closely  connected  with  one.  Ores  of  the  third 
class  have  also  contributed  largely  to  the  total  output. 

The  ores  were  undoubtedly  originally  sulphides  deposited  by 
ascending  solutions.  The  igneous  rocks  of  the  district  probably 
have  had  an  intimate  influence  on  their  formation  by  supplying 
material  together  with  heat  and  chemical  activity  to  the  under- 
ground waters. 

The  report  closes  with  a  detailed  description  of  some  of  the 
more  important  mines,  including  maps  and  sections  of  the'work- 
ings.  w.  E.  F. 

No.  16. — The  Carboniferous  Formations  and  Faunas  of  Colo- 
rado; by  George  II.  Girty.  546  pp.,  10  pis.  The  first  216 
pages  of  this  work  are  devoted  to  a  useful  review  of  the  litera- 
ture and  discussion  of  the  interpretations  of  the  geology  and 
paleontology  of  the  Colorado  region  given  by  previous  writers. 
In  the  second  part,  pp.  217-267,  the  author  discusses  the  faunal 
evidence  and  correlations  furnislied  by  the  material  under  inves- 
tigation; and  in  the  remainder  of  the  volumes  (pp.  268-546)  the 
species  are  described  and  figured. 

The  result  of  study  of  the  collection  shows  the  presence  of 
both  Mississippian  and  Pennsylvanian  faunas. 

The  Mississippian  fauna  occurs  in  the  Leadville  limestone  and 
its  equivalents,  the  Ouray  and  the  Millsap  limestones.  These  are 
interpreted  as  equivalent  to  the  Kinderhook  and  lower  Burlington 
faunas  of  the  Mississippi  valley  region. 

To  the  Pennsylvanian  are  referred  the  Hermosa,  Weber, 
Maroon,  Robinson,  Molas,  and  Rico  formations.  Essentially  the 
same  fauna  is  reported  from  tlie  Hermosa,  Weber,  Lower  Maroon 
of  the  Crested  Butte  section,  and  from  the  Weber  shales  and 
grits  of  the  Leadville  section.  This  fauna  is  considered  by  the 
author  to  be  older  than  any  of  the  Pennsylvanian  beds  of  the 
Kansas  and  Nebraska  sections.  The  Rico  formation  is  by  its 
fauna  interpreted  as  probably  of  about  the  horizon  of  the  Deer 
Creek,  Hartford  and  Howard  formations  of  Kansas.        h.  s.  w. 

No.  17.  Geology  and  Water  Resources  of  Nebraska  West  of 
the  One  Hundred  and  Third  Meridian;  by  N.  H.  Darton.  66 
pp.,  43  pis.,  23  figs.  With  a  few  minor  changes  this  paper  is  a 
reprint  of  pp.  719-785  in  the  Nineteenth  Annual  Report. 

No.  19. — Contributions  to  the  Geology  of  Washington.  98  pp., 
20  pis.,  3  figs.  This  publication  contains  two  papers:  Geology 
and  Physiography  of  Central  Washington;  by  George  Otis 
Smith,  and  Physiography  and  Deformation  of  the  Wenatchee- 
Chelan  District,  Cascade  Range;  by  Bailey  Willis.  During 
Pliocene  time  a  lowland  surface  was  developed  in  Central  Wash- 
ington and  the  ancient  controlling  drainage  system  may  possibly 
be  indicated.  This  plain  was  uplifted  and  warped  so  that  the 
Cascade  range  is  complex  in  type.  Geologic  processes  worked 
rapidly  in  this  region,  as  is  shown  by  the  Eocene  section  of  10,000 
feet  divisible  into  four  distinct  formations,  separable  both  by 
physical  breaks  and  differences  in  fossil  flora.     The  unique  char- 
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acter  of  this  region  is  the  modiiication  of  the  peneplain  by  warp- 
ing 8o  as  to  form  anticlinal  ridges  and  synclinal  valleys.  In  the 
Wenatchee-Chelan  district  glaciation  furnishes  an  additional 
datum  plane  and  Mr.  Willis  has  worked  out  the  physiography  in 
great  detail.  He  recognizes  five  physiographic  stages  from  the 
Pliocene  to  the  Recent,  inclusive.  As  a  study  of  physiographic 
method  and  of  criteria  for  recognizing  peneplains  this  paper  is  a 
valuable  addition  to  geologic  literature. 

2.  Alaska,  Glaciers  and  Glaciation;  by  G.  K.  Gilbsbt, 
being  Vol.  Ill  of  the  Harriman  Alaska  Expedition  reports,  pub- 
lished with  cooperation  of  the  Washington  Academy  of  Sciences. 
New  York,  1904.  (Doubleday,  Page  &  Co.)  231  pp.,  18  maps 
and  plates,  106  figs. — This  most  instructive  and  suggestive  report 
may  be  briefly  reviewed  under  four  headings  :  preglacial  land 
forms,  erosion  by  Pleistocene  glaciers,  existing  glaciers,  and  gla- 
cial erosion  in  general.  A  noteworthy  feature  of  the  preglacial 
topography  was  the  occurrence  of  mountain  ranges  formed  by 
the  broad  uplift  and  dissection  of  extensive  peneplains,  which,  it 
may  be  here  noted,  are  but  so  many  additional  instances  of  the 
difficulty  into  which  Suess's  hypothesis  of  the  origin  of  horsts 
must  lead  the  geologist.  These  peneplains  and  the  neighboring 
ocean  were  once  at  (almost)  the  same  level :  according  to  Suess' 
hypothesis,  the  peneplains  have  become  horsts,  not  by  local  eleva- 
tion, but  by  the  depression  of  the  surrounding  surfaces  ;  and  in 
this  case,  as  in  many  others  where  horsts  have  ancient  peneplains 
for  their  uplands,  it  is  evident  that  such  an  explanation  involves 
the  depression  of  all  the  oceans  of  the  world,  and  the  continents 
along  with  them,  the  horsts  alone  standing  still.  This  is  of  course 
conceivable,  but  it  is  an  extravagant  conception.  Certain  parts 
of  the  coast  show  lowlands  of  denudation  adjacent  to  the  moun- 
tains, thus  recalling  the  coast  plain  of  Norway  as  described  by 
Reusch.  Gilbert  explains  the  Alaskan  coast  plain  by  general 
erosion  when  the  land  had  gained  something  like  its  present 
altitude,  and  does  not  explicitly  call  upon  marine  erosion,  as 
Reusch  did  for  the  Norwegian  example.  Erosion  of  valleys  to  a 
greater  depth  during  a  time  of  greater  elevation  is  also  inferred, 
but  hardly  proved,  unless  it  is  held  that  glacial  erosion  cannot 
have  scoured  out  the  channels  now  occupied  by  the  sea  while  the 
land  held  its  present  position. 

Gannett's  thesis  that  a  glaciated  valley  is  comparable  with  a 
river  channel  is  supported  by  a  great  variety  of  facts.  Cirques 
and  hanging  valleys  characterize  the  coastal  mountains  :  repeated 
examples  are  figured  and  described.  In  this  connection  reference 
may  be  well  made  to  the  Chief  Mountain  (Montana)  map  sheet, 
lately  issued  by  the  U.  S.  Geological  Survey,  an  elegant  example 
of  fine  topographic  work  by  Messrs.  Matthes  and  Sargent,  in 
which  cirques  and  hanging  valleys  are  remarkably  well  portrayed. 
Indeed  so  numerous  are  the  examples  of  these  forms  in  once- 
glaciated  mountains  in  many  parts  of  the  world  that  the  occa- 
sional occurrence  of  imitative  forms  in  non-glaciated  districts  can 
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hardly  be  used,  as  they  lately  have  been  by  Russell  (Science, 
May  20,  1904,  785),  to  throw  doubt  on  the  glacial  origin  of 
normal  cirques  and  hanging  valleys.  It  may  be  difficult  to 
explain  the  imitative  forms,  but  as  the  matter  now  stands,  it  is 
their  explaration  that  is  deficient,  and  not  the  explanation  of  the 
normal  lornps  by  glacial  erosion  as  stated  by  Ganrett  and  Gilbert 
TiiTe,  the  trunk  valleys  are  often  so  much  deeper  than  the  hang- 
ing lateral  valleys  as  to  make  it  very  difficult  indeed  to  ascribe 
their  excess  of  depth  to  glacial  erosion  ;  yet  the  hesitation  that 
one  may  feel  here  is  more  likely  to  be  based  on  a  conservative 
habit  of  thought  than  on  direct  argument  ;  for  the  valleys  are 
certainly  valleys  of  erosion,  and  when  it  is  once  shown  that 
glaciers  are  effective  erosive  agents,  it  does  not  appear  more 
unreasonable  to  ascribe  the  great  trough  valleys  to  the  work  of 
frozen  water  than  to  that  of  molten  water.  It  is  pointed  out  by 
Gilbert  that  the  main  valley  sides  are  relatively  smooth  and 
trough-like,  sometimes  exhibiting  details  of  form  that  suggest 
the  action  of  an  eroding  agent  which  moved  in  nearly  horizontal 
lines,  and  thus  contrasting  strongly  with  the  ravined  valley  sides 
of  non-glaciated  mountains,  where  the  agent  of  erosion  has  mani- 
festly worked  on  down-slope  lines.  The  extension  of  these  main 
valleys  across  the  coast  plain  leads  to  the  conclusion  that  their 
erosion  was  accomplished  by  the  larger  glacial  streams  in  conse- 
quence of  their  relatively  great  velocity  ;  thus  agreeing  with  the 
opinion  reached  by  Richter  for  the  over-deepened  valleys  of  the 
Alps. 

The  existing  glaciers  are  described  and  illustrated  in  much  detail, 
with  especial  reference  to  their  recent  variations.  It  is  shown 
by  a  careful  comparison  of  all  available  descriptions,  maps  and 
photographs,  that  the  changes  of  the  glaciers  have  been  singularly 
discordant  during  the  past  century,  and  the  discordance  is  held 
to  be  too  great  to  be  explained  by  lagging.  A  most  ingenious 
suggestion  is  then  made  that  under  certam  changes  of  mean  tem- 
perature, one  set  of  glaciers  might  be  caused  to  advance  while 
others  near  by  would  be  compelled  to  retreat.  Glacial  students 
who  visit  Alaska  during  the  present  century  thus  have  a  pleasing 
problem  set  before  them  for  solution. 

The  volume  closes  with  some  general  conclusions  as  to  glaciers, 
in  which  we  find  an  altogether  new  view  as  to  the  possibilities  of 
glacial  erosion  beneath  the  sea.  It  has  been  recognized  in  recent 
years  that  the  invasion  of  once-glaciated  valleys  by  the  sea  was 
not,  as  it  has  usually  been  regarded,  an  evidence  of  submergence, 
for  heavy  glaciers  can  certainly  erode  beneath  sea  level.  Gilbert 
now  gives  reasons  for  thinking  that  heavy  tidal  glaciers  are  not 
effectively  buoyed  up  by  the  water  that  they  enter,  and  that  they 
erode  beneath  sea  level  about  as  effectivelv  as  on  a  land  surface. 
If  this  should  be  fully  demonstrated,  it  would  lead  to  a  radical 
change  of  opinion  regarding  the  changes  of  level  indicated  by 
fiord  coasts.  ^'  Plucking  "  is  looked  upon  as  of  great  importance 
in  glacial  erosion.  w.  m.  d. 
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3.  7%e  Origin  and  Helationahip  of  the  large  MammaU  of 
North  America  and  the  Caribou;  by  Madison  Grant,  Secretary 
of  the  New  York  Zoological  Society. — These  articles,  reprints 
from  the  annual  (eighth  and  seventh)  reports  of  the  New  York 
Zoological  Society,  form  an  exceedingly  interesting  volume  of 
about  60  pages,  copiously  illustrated  by  32  exceptionally  fine 
plates,  reproductions  of  photographs  of  the  caribou  in  their  native 
haunts,  in  captivity  in  the  N.  Y.  Z.  park,  and  of  mounted  speci- 
mens in  the  American  Museum.  A  map  showing  the  distribution 
of  the  two  kinds  in  North  America  is  also  given.  The  purpose 
of  the  first  article,  as  stated  by  the  author,  is  "  to  briefly  review 
ihe  living  large  mammals  of  the  United  States  and  Canada,  and 
to  endeavor  to  trace  their  past  history,"  such  an  analysis  being 
possible  because  of  the  increase  in  knowledge  of  the  true  relation- 
ship of  mammals  and  their  geographical  distribution  greatly  aided 
by  the  definite  proofs  given  in  recent  paleontology.  The  facts 
are  very  clearly  presented  in  concise  divisions  showing  the  exist- 
ence of  two  definite  continental  radiations,  proved  by  distinct 
faunal  groupings  showing  geographical  origin  and  connection, 
followed  by  a  discussion  of  the  various  distinct  groups  of  animals 
themselves  with  a  table  showing  their  derivation,  concluded  by  a 
summary  of  previously  mentioned  facts.  In  the  second  article, 
the  facts  correlated  in  regard  to  the  caribou  are  presented  in  a 
similarly  clear  manner,  showing  the  origin  of  the  name,  classifica- 
tion of  the  various  species  with  their  geographical  origin  and  dis- 
tribution. K.  J.  B. 

4.  The  MamniaU  of  Petmsylvaiiia  a?id  Neto  Jersey;  by 
Sakuel  N.  Rhodes. — This  volume  (privately  published)  of  266 
pages  with  9  plates  (reproductions  of  photographs)  and  faunal  map 
IS,  as  shown  by  the  title  page,  a  **  biographic,  historic,  and  descrip- 
tive account  of  the  furred  animals  of  land  and  sea,  both  living  and 
extinct,  known  to  have  existed  in  the  states  of  Pennsylvania  and 
New  Jersey  "and  is  "designed  as  both  ^  popular  and  scientific 
presentation  of  a  branch  of  nature-study  hitherto  unduly  neg- 
lected." Among  the  many  valuable  facts  given  in  the  introduc- 
tion, one  of  especial  interest  is  that  **the  list  of  fossil  mammalia 
found  in  these  two  states  far  exceeds  that  of  the  rest  of  the 
United  States  east  of  the  Mississippi  river.*"  This  is  due  to  the 
researches  of  Leidy,  Cope,  and  Marsh  among  the  fossil-bearing 
limestone  caves  and  fissures  in  the  Delaware  vallev  and  in  the 
marl  beds  of  New  Jersey.  Above  90  species  are  cited  of  which 
30  are  found  still  existing;  these,  with  over  70  living  species  and 
25  sub-species  or  geographic  races,  show  not  only  a  surprisingly 
large  mammalian  fauna,  but  also  the  noteworthy  fact  that  the  fossil 
fauna  exceeds  that  of  the  living.  The  vast  amount  of  careful  labor 
expended  in  compiling  this  valuable  work  will  be  appreciated  by 
all  students,  and  writers  on  kindred  subjects.  k.  j.  ». 

5.  Medusm  of  the  Bahamas ;  by  Alfbed  Goldsborougii 
Mayer.  Memoirs  of  Natural  Science,  vol.  I,  No.  1,  of  the 
Museum  of  the  Brooklyn  Institute  of  Arts  and  Sciences. — This 
article  of  83  pages,  with  7  heliotype  plates,  is  based  on  observations 
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made  by  the  author  during  June  and  July,  1903.  Of  the  43  BpGcies 
found,  5  are  known  only  from  the  Bahamas,  2  of  which  arc  looally 
abundant.  Among  them,  one  genus  (Paranemus)  and  two  species 
are  new  to  science.  The  opportunity  of  studying  asexual  bud- 
ding was  afforded  by  a  most  interesting  example  of  JSuchettota 
paradoxica.  The  paucity  of  the  medusa-fauna  of  this  locality 
compared  with  that  of  Tortugas,  Florida,  is  given  as  being 
largely  due  to  local  conditions.  The  former  being  situated  to  the 
windward,  while  the  latter  is  to  the  leeward  of  the  Gulf  Stream, 
is  depleted  by  the  prevailing  winds,  and  is  poor  in  those  creatares 
which  are  mainly  dependent  upon  great  currents  for  their  dis- 
tribution. K.  J.  B.    - 

II.    Miscellaneous  Scientific  Intelligence. 

1.  International  Congress  of  Arts  and  Science  at  the  Vhi- 
versalJSxjwsition,  St.  Louis. — An  International  Scienlific  Congress 
will  be  held  at  St.  Louis  from  Sept.  19-25,  in  connection  with  the 
.Universal  Exposition.  Professor  Simon  Newcomb  is  the  Presi- 
dent of  the  Congress  and  Professors  Hugo  Muensterberg  and 
A.  W.  Small  the  Vice  Presidents.  The  whole  field  of  knowledge 
is  divided  for  the  purposes  of  the  Congress  into  seven  divisioDS, 
these  further  into  twenty-four  departments  and  these  finally  into 
some  128  sections.  The  official  program  contains  the  following 
statements  : 

"After  the  opening  of  the  Congress  on  Monday  aftcrnooOi 
September  19,  will  follow,  on  Tuesday  forenoon,  addresses  on 
main  divisions  of  science  and  its  applications,  the  general  theme 
being  the  unification  of  each  of  the  fields  treated.  These  will  be 
followed  by  two  addresses  on  each  of  the  twenty-four  great 
departments  of  knowledge.  The  theme  of  one  address  in  each 
case  will  be  the  Fundamental  Conceptions  and  Methods,  while 
the  other  will  set  forth  the  progress  during  the  last  century.  The 
preceding  addresses  will-  be  delivered  by  Americans,  making  the 
work  of  the  first  two  davs  the  contribution  of  American  scholars. 
On  the  third  day,  with  the  opening  of  the  sections,  the  inter- 
national work  will  begin.  About  128  sectional  meetings  will  be 
held  on  the  four  remaining  days  of  the  Congress,  at  each  of  which 
two  papers  will  be  read,  the  theme  of  one  being  suggested  by  the 
Relations  of  the  special  branch  treated  to  other  branches ;  the 
other  by  its  Present  IVoblems." 

The  list  of  distinguished  scholars,  from  Europe  and  America, 
announced  as  speakers  at  the  Congress,  ensures  it  an  eminent 
degree  of  success  in  its  grand  object  of  "the  unification  of 
knowledge." 

2.  Geographen  Kalender,  190Jf-1905,  edited  by  Hkbmann 
Haack  ;  290  pp.,  ]6  maps:  Gotha  (Justus  Perthes). — There  is 
no  one  publication  which  serves  so  well  the  purpose  of  an  annual 
reference  book  of  geographical  matter  as  Dr.  Haack's  "Kalender." 
New  explorations,  adjustments  of  boundaries,  development  of 
canals,  railroads,  etc.,  are  described  and  mapi)ed.  To  this  are 
added  a  list  of  addresses  of  scientists  and  societies,  a  review  of 
the  year's  geographical  literature  and  a  mass  of  useful  statistics. 
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Obituary. 

John  Bell  Hatchbb,  Curator  of  Vertebrate  Paleontology 
in  the  Carnegie  Mnseum  at  Pittsburgh,  died  of  typhoid  fever  at 
Pittfburgh  on  July  3,  1904.  By  his  death  Paleontology  has  lost 
an  investigator  and  writer  of  unusual  ability,  a  man  who  had  few 
equals  in  his  chosen  line  of  research. 

Bom  at  Cooper,  Green  County,  Iowa,  October  11,  1861,  his 
early  years  were  passed  among  surroundings  and  under  condi- 
tion! which  developed  a  character  of  absolute  integrity  and  of 
rare  self-reliance  and  determination.  He  entered  the  Sheffield 
Scientific  School  of  Yale  University  in  his  twentieth  year,  when 
he  improved  to  the  utmost  the  educational  facilities  offered  to 
him.  Although  a  few  weeks  before  the  graduation  of  his  class, 
in  1 884,  he  expressed  himself  as  being  still  uncertain  in  his  choice 
of  future  occupation,  it  is  on  record  that  during  his  college  course 
he  gave  especial  attention  to  those  studies  in  Natural  History 
which  fitted  him  for  his  life's  work.  Probably  Hatcher's  marked 
ability  had  already  become  known  to  the  late  Professor  O.  C. 
Marsh  of  the  Yale  University  Museum,  who  secured  his  services 
as  field  collector.  Hardly  waiting  until  the  close  of  his  gradua- 
tion exercises,  he  left  New  Haven  on  June  25,  1884,  for  the 
West,  where  he  collected  in  Kansas  and  Nebraska  for  about  a 
month,  under  the  direction  of  Charles  H.  Sternberg.  Later  he 
commenced  work  by  himself,  and  remained  in  the  field  alone 
until  the  approach  of  winter,  when  he  returned  to  New  Haven. 
When  not  in  the  field,  much  of  Hatcher's  time  was  spent  in  pre- 

Earing  and  studying  the  fossils  he  had  collected,  and  in  making 
imself  generally  familiar  with  them  as  an  aid  to  further  collect- 
ing. He  also  pursued  advanced  studies  in  Botany  with  the  late 
Professor  D.  C,  Eaton,  wlio  became  sincerely  attached  to  the 
young  scientific  worker,  and  who  always  expressed  the  highest 
regard  for  his  character  and  ability.  In  1885,  after  collecting 
Permian  fossils  in  Texas,  Hatcher  returned  to  Kansas  and  con- 
tinued his  work  in  the  Pliocene  formations.  The  seasons  of  1886 
and  1887,  which  were  spent  in  the  Bad  Lands  of  Dakota  and 
Nebraska,  won  him  renown  as  a  collector.  From  the  famous 
**  Brontotherium  Beds,"  he  shipped  to  the  Kast  carload  after  car- 
load of  fossils,  including  the  bones  upon  which  Marsh  founded 
his  genera  Brontotherium  and  Protoceras,  In  fact,  Hatcher's 
labors  in  the  field  were  of  inestimable  value,  and  the  collections 
made  by  him,  more  than  those  of  any  other  of  his  scientific 
assistants,  furnished  to  Professor  Marsh  the  material  for  his 
paleontological  work. 

By  this  time.  Hatcher's  services  had  become  so  valuable  that 
Marsh  kept  him  constantly  in  the  field.  The  winter  months 
were  spent  in  Maryland,  Virginia  and  North  Carolina.  The 
variegated  red  and  gray  clays  conspicuous  between  Baltimore 
and  Washington  had  long  been  a  puzzle  to  geologists.  Many 
collectors  had  visited  the  outcroppings,  but  had  failed  to  obtain 
characteristic  fossils  at  the  typical  localities.     Hatcher,  whose 
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keen  eyes  were  fresh  from  the  western  fossil  beds,  was  entrusted 
with  the  work.  In  two  months  he  bronght  together  a  collection 
in  which  were  abundant  dinosaurian  remains  associated  with  the 
bones  of  other  reptilian  orders. 

The  summers  of  1889  to  1892  were  spent  in  Converse  County, 
Wyoming,  where  Hatcher  obtained  a  magnificent  collection  of 
Ceratopsia  material.  One  of  the  best  known  types  of  this  group 
is  Marsh's  Triceratopa^  now  exhibited  in  the  Yale  University 
Museum.  Another  notable  dinosaur  collected  by  Hatcher  is  the 
Claoaanrus,  mounted  at  Yale  by  Professor  Beecner  after  Marsh's 
death.  When  the  latter  retired  from  his  position  of  Vertebrate 
Paleontologist  of  the  United  States  Geological  Survey,  in  1892, 
funds  were  no  longer  available  for  collecting  on  so  extensive  a 
scale,  and  Hatcher  severed  his  connection  with  the  Yale  Museum. 
Shortly  after,  he  became  Curator  of  Vertebrate  Paleontology  and 
Assistant  in  Geology  at  Princeton  University.  His  work  during 
the  following  years  won  him  the  highest  praise.  In  spite  of 
great  hardships,  he  successfully  made  collecting  and  exploring 
expeditions  into  the  wilds  of  Patagonia.  Neither  ill  health  nor 
accidents,  such  as  the  loss  of  his  saddle  and  pack  animals  hun- 
dreds of  miles  from  any  source  of  supplies,  could  daunt  him,  and 
his  work  in  the  southern  continent  proved  not  only  of  the  highest 
value  to  the  naturalist  and  paleontologist,  but  his  chronicle  of 
these  expeditions  is  also  of  great  interest  to  the  general  reader. 

In  1900  he  accepted  the  Curatorship  of  Vertebrate  Paleontol- 
ogy in  the  Carnegie  Museum  at  Pittsburgh,  which  position  he 
filled  with  honor  to  himself  and  to  the  great  improvement  of  his 
department.  Engaged  by  the  United  States  Geological  Survey 
to  continue  Professor  Marsh's  work  on  the  Ceratopsia,  he  had 
nearly  finished  that  difficult  task,  involving  a  careful  study  of  the 
material  at  Yale  and  at  the  National  Museum,  which  he  had  him- 
self collected  years  before.  His  talent  and  industry  had  already 
won  him  an  enviable  position  among  paleontologists,  and  he  had 
just  accepted  the  Curatorship  of  Vertebrate  Paleontology  in  the 
United  States  National  Museum,  when  his  untimely  death  occurred. 

Hatcher's  reputation  as  a  paleontologist  rests  mainly  on  his 
work  upon  the  fossil  Reptilia,  bis  principal  contributions  appear- 
ing in  the  Memoirs  of  the  Carnegie  Museum,  under  the  titles  of 
"  Diplodocus  Marsh,"  and  "  Osteology  of  Haplocanthosaurus." 
His  valuable  treatise  entitled  ''  Oligocene  Canidae  "  was  published 
in  the  same  form.  Latterly  Hatcher  developed  considerable 
talent  as  a  stratigrapher,  as  is  shown  by  his  memoir  on  Haphcan- 
thosaurus,  the  records  of  the  Patagonia  Expeditions,  and  by  other 
shorter  publications^  which  is  the  more  remarkable  inasmuch  as 
many  able  paleontologists  have  shown  little  skill  in  thb  branch 
of  geology. 

Of  marked  avidity  for  the  hardest  work,  and  of  quick  and 
accurate  discrimination  in  his  scientific  labors.  Hatcher  accom- 
plished much  during  his  short  career.  His  constant  loyalty  and 
thoughtful  kindness  endeared  him  to  those  who  were  so  fortunate 
as  to  enjoy  his  intimate  friendship.  gborgb  f.  baton. 
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Art.  XXI. — The  Velocity  of  the  Propagation  of  Magyietum  / 

by  Henry  A.  Perkins. 

The  effect  of  self-induction  in  a  circuit  causing  a  retardation 
in  the  establishment  of  a  magnetic  flux  is  of  course  well  known 
to  everyone ;  but  an  allied  effect,  caused  not  by  the  inductance 
between  coil  and  magnetic  circuit,  but  in  tlie  magnetic  circuit 
itself,  thus  causing  a  very  perceptible  interval  of  time  between 
the  appearance  of  the  magnetism  at  two  points,  has  not  been  so 
thoroughly  studied,  although  it  must  be  present  in  all  alternat- 
ing current  machinery  to  a  certain  degree.  This  retardation  is 
thus  due  to  the  eddy  currents  in  the  core  of  the  magnet  in  ques- 
tion and  is  a  complicated  function  of  tlie  various  physical  prop- 
erties of  the  core,  the  frequency  and  magnitude  of  the  impressed 
electromotive  force. 

This  phenomenon  was  fii*8t  investigated  in  detail  by  Ober- 
bech*  in  1884.  His  apparatus  consisted  in  a  core  with  mag- 
netizing coil.  Beside  tliis  coil  were  two  others  whose  distance 
apart  conld  be  varied  at  will.  To  measure  the  phase  angle 
between  the  electromotive  force  generated  in  these  coils  when 
a  sinusoidal  e.m.f .  was  impressed  on  the  main  coil,  he  made  use 
of  a  dynamometer,  the  fixed  coil  being  in  series  with  one  of  the 
sliding  coils,  and  the  movable  one  with  the  other.  The  result- 
ing deflection  he  showed  to  be  a  function  of  various  know^n 
quantities  and  some  unknowns  that  were  eliminated  by  repeat- 
ing the  experiment  with  added  resistance  in  series  with  one  of 
the  two  circuits,  thus  obtaining  a  different  deflection.  This  was 
repeated  at  different  distances  up  to  20"^'".  His  results  show" 
values  of  the  lagging  angle  from  2°  16',  when  the  distance  was 

*  Wied.  Ann.,  xxii,  p.  73. 
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10^  and  the  core  a  bundle  of  64  small  steel  wires,  up  to  96°  12' 
in  10*^"  for  a  steel  bar  of  1*2^  diameter.  This  shows  at  least 
qualitatively  what  we  should  expect,  that  lamination  reduces 
the  la^.  The  curves  of  flux  intensity  taken  along  the  bar 
appeared  to  be  logaritlunic  curves  whose  equation  was  Q  = 

Qo^""^*-  P  varied  somewhat,  and  his  results  were  tabulated  a* 
follows : 

10-27 
fi  for  soft  iron   =  {  1017 

1007 

ft  for  hard  iron  =  \  14*8 

14-51 
fiiov  steel  =  \  16-16 

16-37 

X  being  measured  in  meters.  In  conclusion,  the  author  says  that 
the  size  of  y8  varies  only  as  the  material  and  is  independent  of 
the  diameter.  This  is  also  true  of  direct  current  phenomena; 
hence  he  argues  that  were  it  not  for  the  opposition  of  eddy 
currents  the  velocity  would  be  enormous. 

When  I  first  began  investigations  on  this  effect  I  was  not 
aware  of  the  work  just  cited.  But  inasmuch  as  the  results 
were  somewhat  of  a  qualitative  nature,  and  the  method  used  is 
open  to  serious  objection,  I  thought  it  worth  Avhile  to  continue 
the  research. 

The  method  employed  was  in  some  respects  similar  to  that 
of  Oberbech.  A  magnetizing  coil  was  mounted  on  the 
center  of  a  steel  bar  about  one  meter  long  and  having  a  section 
of  2-83*="\  It  was  of  the  best  English  tool  steel.  This  material 
was  used  in  order  to  obtain  as  low  a  velocity  as  possible  and 
thus  measure  it  more  readily.  On  the  niiddle  of  the  magnetiz- 
ing coil  w^ere  wound  250  turns  of  fine  wire,  and  sliding  on  the 
core  were  two  more  coils,  one  of  500  turns  and  one  ot  several 
thousand.  As  will  be  seen,  the  exact  number  is  not  an  essential 
quantity. 

In  performing  the  experiment  one  of  the  movable  coils  was 
set  at  some  known  distance  from  the  exciting  coil  at  the  center, 
and  the  angle  of  lag  between  it  and  the  S!uall  coil  of  250  turns 
was  measured.  For  short  distances,  up  to  about  8^,  one  of  500 
turns  was  used  ;  beyond  that  the  larger  coil.  The  inetrament 
by  which  this  angle  was  measured  was  a  small  quadrant  elec- 
trometer having  double  quadrants  and  an  aluminum  needle 
suspended  by  a  quartz  fiber  and  dipping  into  sulphuric  acid 
through  which  the  contact  was  made.  The  needle  and  one  pair 
of  quadrants  constituted  one  terminal  and  the  other  pair  of 
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quadrants  the  other.  By  means  of  two  Kempke  discharge  keys 
tne  circuits  were  so  arranged  that  the  electrometer  was  nor- 
mally on  short  circuit,  but  on  pressing  the  keys  simultaneously 
the  terminals  of  the  external  circuit  were  shnultaneously  attached 
to  the  electrometer  terminals.  This  method  was  essential,  for 
with  one  terminal  free  and  the  other  coiinected  to  some  metal 
object  the  instrument  would  be  most  violently  deflected ;  hence 
the  necessity  for  making  the  contacts  exactly  together. 

As  it  was  purposed  to  measure  alternating  voltages,  the  instru- 
ment was  calibrated  with  the  use  of  alternating  e.m.f.  of  the 
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same  frequency.  These  were  measured  by ''weighing"  in  a 
Kelvin  balance  the  current  that  went  througli  a  non-inductive 
resistance  across  whose  terminals  the  electrometer  was  connected. 
The  resistance  was  measured  after  each  reading  to  allow  for 
possible  changes  due  to  heating.  It  may  be  of  interest  to  note 
that  the  calibration  curve  as  obtained  by  this  method  differed 
considerably  from  one  obtained  with  constant  voltages.  This 
was  doubtless  due  to  the  capacity  introduced  by  the  cup  of 
sulphuric  acid  into  which  the  needle  dipped. 

Several  readings  were  necessary  in  determining  a  single  angle. 
Calling  the  small  central  coil  woimd  on  the  exciter  "  A,'-  and 
the  more  distant  coil  "  B,"  we  may  simplify  the  description  as 
follows :  The  electrometer  was  first  connected  to  A,  giving  a 
deflection  Da  whicli  corresponded  to  an  induced  potential  v  a. 
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Next  by  connecting  to  B,  D^  and  thus  V5  was  obtained.  Then 
by  connecting  A  and  6  in  series  in  such  a  way  that  they  were 
in  accord,  Vo+6,  and  finally  when  opposed  V^-^,  were  obelerved. 
The  accent  above  "  a"  in  the  last  quantity  refers  to  the  necessity 
of  reversing  the  connections  of  A  (or  B),  and,  strangely  enough, 
the  deflection  given  by  any  coil  was  slightly  altered  on  reversal. 
The  reason  for  this  I  was  unable  to  detennine,  unless,  indeed,  it 
is  due  to  inequalities  between  the  positive  and  negative  loops  of 
the  commercial  current  which  was  used.  This  seems  unlikely, 
and  I  purpose  to  investigate  the  matter  further.  This  effect 
was  not  harmful  if  properly  observed  and  allowed  for. 

With  the  four  readings  just  referred  to  it  was  possible  to 
calculate  tlio  angle  of  lag  in  two  ways  that  can  best  be  seen  in 
graphic  forin. 

If  the  two  vectors  V^  and  Vj,  were  in  phase,  then  Va+t  must 
be  equal  to  their  arithmetical  sum,  otherwise  it  will  be  less,  and 


D//iS/^/\M      or    V^£CTOfi^ 


/ 


v/ 


this  was  always  found  to  be  the  case.  The  construction  can  be 
seen  from  a  glance  at  the  diagram,  which  gives  us  0,  or  the 
angle  of  lag.  Similarly  with  the  two  coils  opposed,  V„..5  will 
be  greater  than  the  arithmetical  difference  of  V^*  and  V|-  as 
shown  above.  In  the  results  recorded  here  the  latter  method 
was  used  as  being  less  liable  to  error,  for  it  involved  no  large 
deflection  like  0^+^  and  for  small  values  of  <^  it  is  also  true  from 
trigonometrical  reasons. 

Determinations  of  <^  were  made  at  intervals  up  to  nine  inches 
from  the  central  coil,  and  from  these  values  the  velocities  for 
the  parts  in  question  were  calculated.     From  inspection  of  the 

curve  it  is  clear  that  -^  -  is  not  a  constant,  hence  the  velocity 

cannot  be  constant.  The  velocity  at  any  point  in  the  bar  was 
foimd  from  the  angle  curve  by  observing  the  change  in  lag  for 
a  short  distance  on  either  side  of  the  point  in  question.    Cfuling 
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this  distance  "{;?"  and  the  angular  difference  "S/'  we  have 
-y  =  —        -  ^  where  n  =  the  frequency,  and  in  this  case  was 

60  cycles  per  second. 

In  comparing  the  curves  of  magnetic  leakage  and  velocity  it 
is  evident  that  as  the  flux  in  the  bar  diminishes  the  velocity 
increases  with  a  consequent  lessening  of  the  lag  per  unit  length. 
This  is  what  would  be  expected,  for  with  a  decrease  of  flux  the 
eddy  currents  must  grow  smaller,  and  there  is  less  opposition  to 
the  advance  of  the  magnetism.    Beyond  nine  inches  the  velocity 
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increases  with  ffreat  rapidity  and  presumably  becomes  equal  to 
the  velocity  of  light  when  tlie  flux  density  is  inflnitely  small,  or 
when  the  core  is  a  non-conductor.  To  test  this  latter  case  I 
made  an  observation  with  an  air  core,  and  with  coils  A  and  B 
about  6  inches  apart.  In  this  case  the  induced  e.m.f.  was  too 
small  to  appreciably  affect  the  electrometer,  so  a  very  sensitive 
D'Arsonval  ballistic  galvanometer  was  used.  Instead  of  an 
alternating  current  a  constant  voltage  was  impressed  on  the 
exciting  coil  and  the  throw  of  the  galvanometer  observed  at 
both  "  make  "  and  ''  break."  Now  if  B  is  so  adjusted  that  it 
gives  exactly  the  same  throw  as  A,  then  when  they  are  in  series 
and  opposed  there  should  be  no  throw  provided  the  resistance 
and  self-induction  of  both  are  made  equal.  This  condition  was 
fulfilled  by  adding  an  external  coil  in  series  with  A,  thus  mak- 
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ing  that  circnit  similar  to  that  of  B.  The  result,  as  expected, 
was  no  deflection^  although  so  sensitive  was  the  apparatus  that 
a  change  of  one  millimeter  in  the  position  of  B  overthrew  the 
equilibrium.  This  at  least  showed  that  the  velocity  must  be 
exceedingly  great  as  compared  to  that  in  the  steel  bar. 

It  only  remains  to  show  that  the  mathematical  theory  predicts 
results  similar  to  that  observed.  In  an  article  by  J.  Zennech,* 
the  author  develops  the  theory  of  the  propagation  of  magnetism, 
which,  though  it  takes  no  account  of  hysteresis,  should  give  at 
least  approximate  values  when  properly  used.  The  fundamental 
equation  is  similar  to  that  for  variable  currents : 

where        Q  =  flux, 

w^  =  reluctance, 

V^  =  magnetic  potential, 

Pfg^  =  coefficient  of  self-induction  of  the  core. 

By  applying  the  law  tliat  the  rate  of  leakage  is  proportional  to 
» tM«  !•  e. 


m5 


(^)  c.  =  -  g/v„ 

where  C^  is  the  magnetic  analogue  of  capacity,  and  combining 
(1)  and  (2),  the  equation  (3)  is  obtained  : 

(3)  i^,nP,n  ^  +  C,„w,M  =  g^, 

whose  solution  must  be  of  the  form  : 

(4)  Q  =  Q„e  -  l^^"-  •  e^*^^"'  -  y'^\ 

where  )S  is  the  damping  factor,  7i  =  twice  the  frecjuency  and  7  = 
,  V  being  the  desired  velocity.     This  solution  satisfies  the 
equation  when 

(5)  (  ft'  -  /  =  C,„  •  w,„ 

(6)  (  and  2l3y  =  C^'7rnp,„, 

To  find  V  it  is  necessary  to  know  three  of  the  quantities,  y8,  C^, 
Wfn  and  Pff^.  As  p„^  presents  the  greatest  difficulty,  the  fii*st 
three  were  selected  by  the  author  of  this  article.    y8  was  deter- 

♦  Drude's  Ann.,  1908,  No.  4,  p.  845. 
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mined  directly  from  the  leakage  curve,  assaming  it  to  be  fairly 

well  represented  by  the  equation  fi  =  log  ^  /^*    The  average 

value  was  'IG,  which  gives  a  curve  fitting  the  original  fairly 
well  near  its  middle  point.  This  agrees  quite  dosely  with 
Oberbech's  value  for  steel ;  the  difference  in  the  position  of  the 
decimal  point  is  due  to  his  choice  of  ttie  meter  as  the  unit  of 
length  instead  of  the  centimeter. 

The  calculation  of  C^  is  more  difficult,  particularly  as  Dr. 
Zennech  is  not  quite  explicit  in  explaining  Y^ ;  but  I  venture 
to  suggest  the  following  method  as  applied  to  a  point  four  inches 
from  the  center  of  the  exciting  coil.  The  difference  of  poten- 
tial of  the  two  faces  of  a  coil  of  n  turns  carrying  a  current  I  is 

47r/jrX 

as  determined  by  the  amount  of  work  done  in  carrying  a 

.  unit  pole  from  one  face  around  outside  the  coil  to  the  other. 
This  work  would  be  increased  if  the  medium  were  of  greater 
permeability  than  air;  moreover,  the  work  done  would  be  half 
the  total  if  the  unit  pole  were  carried  only  from  one  face  to 
the  far  end  of  the  bar,  where  the  flux  is  almost  zero.  The  fall 
of  potential  would  then  vary  as  Q  along  the  bar.  From  these 
considerations  I  calculated  Va-  by  the  following  equation  : 

^'  =  -10-  ^  'iQ.^''' 

where  n  =  4077  (No.  turns  in  coil), 
I  =  '015  amperes, 
fi  =  2-95, 

Q        3*1 

and    ^-  =  q-^r-^,  as  may  be  seen  from  the  leakage  curve.*    The 
(Jo      l2'y 

value  of  fi  was  found  by  carefully  measuring  the  resistance  of 
the  exciting  coil  and  the  currents  flowing  in  it  under  an  alternat- 
ing pressure  of  120  volts,  when  the  steel  core  and  an  air  core 
were  successively  used.  The  impedance  i!i  one  case  was  7998 
ohms,  in  the  other  2727.  Knowing  the  resistance  and  the 
frequency,  it  was  easy  to  calculate  the  coefficient  of  self-induction 

for  iron  (L,)  and  for  air  (L„),  and  /it  =  -. '. 

SO 
Referring  to  equation  (2)  we  still  have  ^-  to  determine,  which 

can  be  done  readily  by  differentiating  Q  =  Q^c  "'^  and  substi- 
tuting the  values  of  Qo,  P  and  x,     y8  lias  been  determined,  x  « 

*  These  and  other  values  were  taken  from  the  original  carves  as  plotted  in 
the  laboratory.  Those  prepared  for  photographic  reproduction  give  the  gen- 
eral form  correctly  but  are  not  strictly  accurate  copies. 
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10*\^2E  *  2 
10*16*^,  and  Qo  is  found  from  the  equation  Q^,  =  — ^^^— — , 


imw 


where  E  =  12*9,  n  =  500,  w  =  377,  and  Q^,  is  the  average  value 
of  the  flux  at  the  center  of  the  exciting  coil.     Hence  J^  =  ~ 


Q^.-^  =  _ 6146  X  -le  ^  j^3    p.„^jj^  ^^ ^  _  .y^^ ^ 


— ^,  the  negative  sign  vanishing  because  -,    is  negative. 
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The  average  flux  density  at  a  point  four  inches  from  the 
center  is  522  lines  per  square  centimeter,  obtained  similarly  to 
Q<,  above,  and  the  permeability  at  this  density  was  found  to  be 
110,  as  shown  in  the  permeability  curve  of  the  bar  used.*   This 

gives  the  reluctance  per  unit  length  as  \c^  =  o.qq  '  ^'^^ 

llO  X  li'oo 

being  the  cross  section  of  the  bar. 

We  are  now  in  a  position  to  make  the  final  calculation,  em- 
ploying equation  (5)  and  solving  it  for  7,  which  is  equal  to 

y/ff  -  0„,w^.    We  have  7  =  -0513  and  v  =        =  7336^"y«.c  or 

7 

*  The  author  owes  sincere  thanks  to  Messrs.  E.  E.  Moran  and  D.  H.  MiUer, 
stndents  Ui  Tale  Uniyersity,  for  the  determination  of  the  BH  curve  of  the 
steel  bar. 
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245'V,ec  as  a^inst  257"/8ec  actually  observed.  It  must  be 
admitted  that  values  of  v  calculated  for  other  }K)int8  along  the 
bar  did  not  agree  so  closely  with  observation,  those  nearer  the 
center  being  too  small  and  those  farther  out  too  large ;  but 
considering  the  fact  that  equation  (5)  makes  7  exceedingly 
sensitive  to  very  small  errors  in  the  values  )S,  C  and  «r,  a  closer 
agreement  could  hardly  be  expected. 

A  more  approximate  method  suggested  by  Zennech  gives 

^/y  =  2'4  for  cases  of  moderate  i>ermeability  and  frequencies  of 

about  fifty  cycles.  Using  fi  = -IQ  this  gives  v^5712^/^j 
which  is  as  close  as  could  be  expected  from  the  approximate 
nature  of  the  assumptions. 

In  conchision  we  may,  I  think,  accept  as  proved  that  the 
velocity  of  magnetism  in  metallic  paths,  and  esi>ecially  those  of 
high  permeability,  is  small  compared  to  that  in  non-conducting 
bodies.  That  this  effect  is  due  to  eddy  currents  and  therefore 
variable,  diminishing  as  the  flux  diminishes  along  the  bar. 
That  this  velocity  is  not  a  simple  function  of  ;r,  but  depends  on 
the  physical  properties  of  the  bar,  such  as  ohmic  resistance  and 
permeability,  as  well  as  the  magnetic  density  at  the  point  in 
question.  And  that  this  retardation  is  great  enough  to  cause 
a  very  j>erceptible  lag  where  the  density  is  high  and  the  lamina- 
tion poor;  great  enough  indeed,  it  would  seem,  to  call  for 
recognition  in  the  design  of  many  forms  of  electromagnetic 
niacninerv. 

Trinity  CoUege,  July,  1904. 
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Art.  XXII. — The  Geomorphic  Origin  and  Development  of 
the  liaised  Shore  Lines  of  the  St.  Lawrence  Valley  and 
Great  Lakes ;  by  R.  Chalmers,  LL.D.,  of  the  Geological 
Survey  of  Canada. 

[Published  by  permission  of  the  Acting  Director  of  the  Geological  Survey.] 

In  a  paper  published  by  the  writer  in  1896  on  the  "Pleisto- 
cene Marine  Shore  Lines  on  the  South  Side  of  the  St.  Lawrence 
Valley,"*  and  in  an  official  report  issued  in  1897,t  it  was  shown 
that  the  valley  referred  to  and  the  repon  of  the  Great  Lakes 
must  have  stood  at  a  lower  level  at  the  close  of  the  Pleistocene! 
than  at  the  present  day,  the  movements  of  the  ice  in  the  glacial 
period  and  the  existing  altitudes  of  the  shore  lines  clearly  prov- 
ing: this.  Investigations  regarding  the  position  and  elevation 
of  the  shore  lines  of  the  St.  Lawrence  basin  have  been  con- 
tinued at  intervals  since  and  considerable  new  data  obtained. 
^^ry  interesting  observations  have  been  made  on  the  north  side 
of  the  two  lower  great  lakes,  Ontario  and  Erie,  showing  the 
geomorphism  which  the  region  has  undergone  in  the  post- 
glacial or  recent  stages  of  tlie  Post-Tertiary.  The  following 
notes,  deduced  from  the  field  work  of  the  last  seven  years, 
are  preliminary  to  a  more  detailed  discussion  of  the  results. 

High-level  shore  lines  of  marine  origin  fronting  the  St. 
I^awrence  to  the  north  have  been  traced  almost  without  inter- 
ruption from  the  Gulf  of  St.  Lawrence  westward  along  the 
northern  1)ase  of  the  Notre  Dame  Mountains,  a  distance  of  550 
miles  or  more,  the  altitude  of  the  higl»est  at  Gaspe  being  240 
feet,  while  as  we  approach  tlie  international  boundary  east  of 
I^ake  Champlain  it  is  805  feet.  Anotlier  series  extends  along 
the  north  side  of  the  St.  Lawrence  and  Ottawa  rivers  at  approx- 
imately the  same  altitude,  reaching  900  feet  north  of  the  city 
of  Ottawa.  Besides  the  regional  upheaval  indicated  bv  the 
shore  lines  observed  on  both  sides  of  the  valley,  differential  ver- 
tical movements  of  a  local  character  have  taken  place  at  inter- 
vals alo!ig  these  strands  since  they  were  at  sea  level,  or  in  a  hori- 
zontal attitude;  in  some  places  there  appears  to  have  been  a 
greater  uplift  than  in  others,  and  snch  uplift  seems  occasionally 
to  have  been  followed  by  still  more  local  downward  movements. 
On  the  south  side  of  the  valley  and  in  the  maritime  districts 
wherever  the  shore  lines  rest  upon  crystalline,  or  igneous  ro(;ks, 
they  were  observed  to  be  deformed  to  agreater  extent  than  else- 
where and  raised  above  the  average  height.     This  singular  and 

♦This  Journal,  April.  1896,  vol.  i  (4th  series),  pp.  302-808. 

f  Annual  report,  Geol.  Surv.  Can.,  vol.  x,  1897  (new  series),  pp.  12-54  J. 

\  The  term  Pleistocene  embraces  the  period  beginning  with  the  Post-Ter- 
tiary and  ending  with  the  Champlain,  or  with  the  deposition  of  the  Le<1a  clay 
and  Saxicava  sand. 
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apparently  abnormal  feature  is  more  particularly  noticeable  in 
tuat  portion  of  the  highest  shore  line  which  extends  along  the 
south  side  of  the  valley  referred  to  for  a  distance  of  100  to  180 
miles  east  of  the  international  boundary,  where  it  rests  on  the 
northwest  ilank  of  the  Sutton  or  Green  Mountain  range  in  its 
extension  into  Canada.  Similar  deformations  were  also  obflenred 
on  the  north  side  of  the  St.  Lawrence  and  Ottawa  valleys,  more 
especially  of  the  latter.  On  both  sides  of  the  St.  Lawrence 
marine  plain,  however,  the  shore  lines  become  considerably 
broken  up  before  approaching  the  Archean  rocks  to  the  west. 

In  the  region  of  the  Great  Lakes  high-level  shore  lines  were 
observed  and  described  many  years  ago  by  Logan,  Chapman, 
Fleming,  R.  Bell,  Spencer  and  others,  while  more  recently  Law- 
son  and  Bell  have  explored  and  traced  them  along  the  north  and 
northwest  side  of  Lake  Superior,  where  tliey  bounded  a  great 
body  of  water  to  which  the  name  Lake  Warren  was  given.  On 
the  north  side  of  Lakes  Erie  and  Ontario  four  or  more  of  the 
strands  referred  to  occur.  The  loweet,  which  has  been  named 
the  "L'oquois  beach"  by  Spencer,  and  was  first  traced  by  him, 
is  not  horizontal,  but  has  an  average  descent  southwestward  of 
about  two  feet  to  a  mile.  It  extends  from  the  Trent  river,  or 
from  a  point  north  of  Belleville,  to  the  head  of  Lake  Ontario. 
Another  lies  above  it  having  a  similar  slope,  not  however  much 
more  than  about  a  foot  to  the  mile,  the  altitude  falling  from 
776  feet  at  Myrtle,  Grand  Trunk  railway,  to  705  feet  in  Lamb- 
ton  county.  This  is  probably  a  part  of  the  so-called  Algonquin 
shore  line,  whicli  has  been  traced  on  the  south  side  of  Georgian 
Bay  with  such  care  and  described  by  Mr.  A.  F.  Hunter  of 
Barrie*.  The  third  is  a  well-defined  one  which  was  followed 
fi-om  Trent  river  to  Hyde  Park,  Middlesex  county,  a  distance 
of  about  200  miles,  and  is  practically  horizontal  throughout 
The  altitude  is  890-892  feet.  The  fourth  and  highest  is 
terrace-like,  and  may  be  called  a  plateau,  as  it  is  1100  feet  high 
in  its  eastern  extension  in  Durham  county,  near  Pontypool,  and 
1200  feet  near  Stratford,  Perth  county.  A  depression  crosses 
it  east  of  the  Credit  river.f 

These  four  Ontario  shore  lines  are  of  lacustrine  origin ;  but 
how  the  waters  of  the  Great  Lakes  were  held  up  to  their  level 
is  the  great  problem.  As  stated  in  the  opening  sentences  of  this 
paper,  there  seems  no  doubt  that  the  whole  of  the  region  of  the 
Great  Lakes  stood  at  a  lower  level  than  at  the  present  day 
during  the  existence  of  the  earliest  and  largest  of  these  bodies 
of  water — Lake  Warren, — that  is,  at  the  period  when  the 
shore  lines  now  found  at  an  altitude  of  1100-1200  feet  were 

♦Summary  Report,  Geol.  Snrv.  Can.  for  1902,  pp.  279-302. 
fThe  altitudes  were  aU  measured  from  raitway  stations  and  ref emd  to 
mean  sea  level.     See  Summary  Report,  Geol.  Surv.  Can.,  1902,  pp.  279-JB74. 
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formed.  A  great  mass  of  literature  bearing  on  the  origin  and 
doTelopment  of  these  old  water  lines  and  of  the  lake  basins 
themselves  has  appeared  from  time  to  time  in  the  scientific 
jonmals  dnrin^  tne  last  two  or  three  decades,  and  geologists 
are  by  no  means  in  accord  as  to  their  origin.  In  the  United 
States  the  hypothesis  of  an  ice  dam  in  the  St.  Lawrence  Valley 
during  the  latter  part  of  the  glacial  period  is  generally  acceptedf, 
but  most  of  the  Canadian  geologists  are  inclined  to  regard  that 
of  an  oscillating  land  barrier  to  the  north  and  northeast  of  the 
Great  Lakes  as  the  most  probable  cause. 

In  regard  to  the  latter  theory  it  may  be  stated  that  there  is 
a  belt  of  granite  or  Archean  rocks  about  fifty  miles  wide 
crossing  the  St.  Lawrence  at  the  Thousand  Islands  connected 
with  the  Adirondacks  to  the  south,  and  with  the  great  Archean 
area  to  the  northwest,  towards  which  it  widens  out  as  we  pro- 
ceed in  that  direction.  This  Archaean  neck,  as  it  is  sometimes 
called,  seems  to  have  been  an  oscillating  axis  in  the  Post-Ter- 
tiary period  and  up  to  the  present  day.  As,  however,  the  shore 
lines  of  the  St.  Lawrence  Valley  and  Great  I^kes  are  of  post- 
glacial age,  it  is  only  its  later  Pleistocene  and  recent  history 
with  which  we  are  concerned.  At  this  stage  the  St.  Lawrence 
Valley  below  the  Thousand  Islands  and  the  region  of  the  Great 
Lakes  would  be  at  a  lower  level  than  at  present,  as  already 
stated,  and  the  axis  referred  to  must  have  been  higher.  This 
valley  would  then  be  a  gulf  or  arm  of  the  larger  Gulf  of  St. 
Lawrence  and  the  barrier  described  would  form,  on  its  east 
side,  the  shore  of  the  Champlain  sea,  and  on  its  west  a  great 
fresh-water  lake,  or  series  of  lakes,  would  be  held  in,  the  floor 
of  which  is  now  represented  to  some  extent  in  Southwestern 
Ontario  by  plains  and  terraces  1100-1200  feet  above  the  sea. 
These  water  levels,  as  already  pointed  out,  can  be  seen  at  Strat- 
ford and  on  the  watershed  between  Ontario  and  Sitncoe  Lakes, 
also  at  corresponding  heights  in  the  Lake  Superior  basin, 
as  described  by  Bell  and  Lawson.* 

The  sequence  of  events  which  occurred  in  the  St.  Lawrence 
Valley  and  basin  of  the  Great  Lakes  brought  about  by  the 
changes  of  level  which  followed  may  be  thus  summarized  : — 

1.  A  subsidence  of  the  Archean  rocks  immediately  to  the 
north  of  the  Great  Lakes  with  correlative  upward  movements 
to  the  east  and  to  the  west.  These  changes  of  level  seem  to 
have  reached  a  stationary  position,  temporarily,  when  in  the 
lake  reeion  the  890-892  feet  shore  line  was  formed  ;  and  in 
the  St.  Lawrence  Valley,  the  890-895  feet  terrace. 

2.  Another  subsidence  of  the  axis  referred  to  then  followed, 

♦  The  Geological  History  of  Lake  Superior ;  Trans.  Can.  Institute,  Memo- 
rial Tolnme,  1849-99,  bj  Dr.  R.  Bell ;  Sketch  of  the  Coastol  Topography  of 
the  North  Side  of  Lake  Superior,  by  Dr.  A.  C.  Lawson. 
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with  apparently  the  same  correlative  uplifts  to  the  east  and  to 
the  west,  when  on  reaching  the  level  of  the  776-705  feet  shore 
line  in  the  basin  of  the  Great  I^kes  there  was  another  halt. 
This  shore  line  is  also  recorded  in  the  St.  Lawrence  Yallev, 
though  now  shown  at  various  altitudes  and  in  various  posi> 
tions.  The  two  higher  strands  north  of  Ontario  and  JErie 
Lakes  then  became  slightly  tilted  towards  the  northeast. 

3.  Another  downward  movement  of  the  central  axis  follow- 
ing, the  formation  of  the  "  Iroquois  beach  "  took  place  on  the 
one  hand,  and  corresponding  shore  lines  at  low  levels  in 
the  St.  Lawrence  Valley  on  the  other.  The  upper  shore  lines, 
both  on  the  east  and  west  of  the  central  oscillating  axis,  would 
now  slope  towards  it,  though  they  have  since  returned  nearly 
to  a  horizontal  attitude. 

4.  Following  was  a  period  of  moderate  oscillations  along  the 
axis  referred  to,  some  downward  and  some  upward,  the  forces 
producing  them  having  apparently  been  largely  spent^  or  hav- 
ing approached  an  equilibrium.  These  changes  resulted  in 
the  breaking  down  oi  the  strands  along  the  margin  of  the 
oscillating  zone  on  botii  sides,  and  in  a  considerable  amount  of 
denudation  taking  place.  Lake  Ontario  was  probably  lower 
than  at  present,  perhaps  nearly  or  quite  at  sea  level. 

5.  A  slow  series  of  reverse  movements  then  set  in  which 
consisted  mainly  in  a  rise  of  the  crystalline  axis.  This  has 
continued  to  the  present  day  with  correlative  subsidences  in 
the  areas  formerly  uplifted  to  tlie  east  and  west.  These 
changes  are  evidenced  by  the  fact  that  the  "  Iroquois  beach,'' 
which  was,  just  previous  to  this  period,  in  a  horizontal  atti- 
tude, is  now  tilted  to  the  southwest,  and  similar  movements, 
though  in  a  reverse  direction,  have  taken  place  in  the  St. 
Lawrence  Valley,  the  raised  shore  lines  tliere  now  sloping  east- 
ward longitudinally.  What  the  amount  of  the  uplift ^t  the 
Thousand  Islands  has  been  since,  it  is  difficult  to  say.  Judg- 
ing from  tlie  present  levels  of  the  "  Iroquois  beach  "  it  would 
seem  as  if  the  rise  must  be  fully  200  feet ;  but  the  hinge  or 
axis  of  the  movement  may  not  have  been  at  the  eastern  end  of 
the  existing  beach. 

The  oscillatory  movements  of  the  barrier  referred  to  would 
seem  to  have  been  limited  and  slow,  nevertheless  they  affected, 
it  appears,  not  only  the  granite  axis,  but  a  wide  tract  of 
country  on  either  side,  beyond  whicli,  as  shown,  complementary 
movements  occurred.  Even  when  the  axis  was  at  its  lowest 
level,  however.  Lake  Ontario  must  liave  been  somewhat  higher 
than  the  sea  or  gulf ;  for  there  is  evidence  of  an  eastward  now 
of  the  lake  waters  at  this  stage.  Stratified  beds  of  gravel  and 
sand  showing  deposition  in  watei*s  flowing  in  the  direction 
indicated  were  found  uj)on  the  granite  axis  at  altitudes  of  800 
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to  850  feet,  or  300  to  400  feet  higher  than  similar  deposits  on 
either  side ;  and  yellow  sands  and  gravels  containing  concre- 
tions, common  in  the  basins  of  Ontario  and  Erie  lakes,  were 
observed  in  the  marine  area  to  the  east  overlying  the  Saxicava 
sands  and  Leda  clay,  which  must  also  have  been  carried  down 
by  an  overflow  of  the  lake  waters. 

The  discussion  of  the  causes  of  these  oscillatory  and  com- 

flementary  movements  will  have  to  be  reserved  for  the  present, 
t  may  be  remarked,  however,  that  it  is  only  reasonable  to 
assume  that  in  the  folding  and  compression  of  the  rocks  of  the 
Northeast  Appalachians  along  the  border  of  the  large  Archean 
area  to  the  north,  there  must  necessarily  have  been  transverse 
thrusts  and  uplifts  along  certain  lines  of  weakness,  though 
most  of  these  have  hitherto  been  supposed  to  antedate  the  post- 
Tertiary  period.  Three  of  these  apparently  crossed  the  St. 
Lawrence  basin,-— one  at  the  Thousand  Islands,  a  second  along 
the  line  of  igneous  intrusions  crossing  the  St.  Lawrence  Valley 
at  Montreal,  and  a  third  at  Quebec  city. 

The  foregoing  explanation  of  the  phenomena  is  oflFered  ten- 
tatively, though  the  writer  has  observed  all  the  facts  in  the 
field  and  feels  confident  that  it  is  to  geomorphic  changes  we 
shall  have  to  look  for  a  solution  of  the  problems  presented  in 
regard  to  the  elevated  strands  and  the  origin  of  the  basins  of 
the  Great  Lakes  themselves.  The  tlieory,  it  will  be  seen, 
includes  only  one  downward  movement  with  three  or  four 
pauses  or  temporary  cessations  of  the  stresses  producing  them, 
and  one  upward  movement,  still  in  j)rogress,  the  latter  proved 

to  some   extent   bv  observations    luade  bv    Professor  G.   K. 

»  • 

Gilbert  of  the  United  States  Geological  Survey.*  The  geo- 
morphism  which  has  taken  place  outside  of  the  St.  Lawrence 
basin  is  not  considered  in  this  note  ;  it  is  thought,  neverthe- 
less, that  the  changes  there  will  all  harmonize  with  those  out- 
lined in  this  paper.  It  seems  to  the  writer  that  the  theory  is  a 
more  rational  one,  and  more  in  accordance  with  observed  geo- 
logical phenomena,  than  that  of  glacial  dams.  The  author  is 
convinced  that  when  the  history  of  the  great  changes  of  level 
which  have  occurred  in  the  region  in  question  during  the  post- 
Tertiary  period  comes  to  be  studied  more  in  detail,  geomor- 
phology  will  be  found  to  constitute  an  important  factor,  and 
along  with  denudation,  enable  us  to  explain  the  conformation 
of  the  surface  features  without  resort  to  such  adventitious  and 
epigene  agencies  as  are  sometimes  employed. 

Ottawa,  Canada,  June  22d,  1904. 

*  Recent  Earth  Movements  in  the  Great  LakeR  Region,  Eighteenth  Annual 
Beport,  U.  S.  Geological  Survey,  1896-7,  part  ii,  pp.  601-647. 
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Art.  XXIII. — Th^  Material  and  Shape  of   the  Motating 

Cathode  ;  by  IT.  E.  Medway. 

[Contribations  from  the  Kent  Chemical  Laboratory  of  Yale  UniTeraitj — CXXZ.] 

In  a  previous  article  from  this  laboratory*  a  method  has 
been  described  for  the  rapid,  electrolytic  precipitation  of 
metals  upon  a  rotating  platinum  crucible  made  to  serve  as  a 
cathode.  In  the  present  paper  is  given  the  record  of  experi- 
ments with  other  and  cheaper  metals,  used  in  place  of  the 
more  expensive  platinum,  as  well  as  cathodes  in  the  form  of 
discs.  ^ 

Experiments  were  made  with  a  silver  crucible  of  50*"' 
capacity,  carefully  cleaned,  dried  at  100°  C,  weighed  and 
adjusted  to  the  rubber  stopper  which  serves  to  hold  the  cru- 
cible and  press  against  its  inner  wall  two  platinum  strips  which 
make  the  electrical  connection. 

Into  the  electrolytic  cell  was  put  an  acidulated  solution  of 
copper  sulphate,  standardized  by  deposition  of  copper  upon  the 
rotating  crucible  of  platinum. 

Deposition  upon  Silver, 

Copper  Copper 

taken.  fonnd.  Error.      Current.      N.  D.      Time. 

grm.  grm.  grm.  Amp.  100.        min. 

1)  0-1088    0-1086    —00002     2*     6*6    15 

2)  0-1088    0-1090    -f- 0-0002     2-     6-6    16 

(3)  0-1088  0-1084  —0  0004  1-5  5-  16 

(4)  0-1088  0-1085  —00003  2-  6*6  16 

(5)  0-1088  0-1080  —0-0008  2-  6-«  16 

(6)  0-1041  0-1041  -h 0-0000  2-  6*6  16 

(7)  0-1041  0-1046  +0-0005  2*  6-6  16 

(8)  0-1041  0-1039  -0-0002  2-  6'6  16 


i 


The  results  of  these  experiments  would  seem  to  indicate 
that  the  use  of  a  silver  crucible  leaves  little  to  be  desired  so 
far  as  accuracy  is  concerned. 

To  remove  the  copper  from  the  crucible,  the  deposit  was 
rubbed  off  as  much  as  possible  and  the  rest  dissolved  in  a 
strong  boiling  solution  of  hydrochloric  acid,  and  this  was 
accomplished  with  but  trifling  loss  of  silver,  as  is  shown  in  the 
statement  below  : 

I.  n. 

Weight  of  crucible  before  treatment  ..   36-0089         36*0062 

Weight  of  crucible  after  treatment 36-0062         36*0041 

Loss  of  silver 0-0027  0*0021 

♦  Gooch  and  Medway  :  This  Journal,  xv,  320,  1908. 


{ 


Medway — Material  and  Shape  of  the  Botating  Cathode.    181 

Since  the  crucible  should  in  any  event  be  weighed  before 
each  determination,  such  small  loss  does  not  seriously  affect 
the  availability  of  the  silver  crucible  as  a  substitute  for 
platinum. 

Similar  experiments  were  made  with  a  nickel  crucible  of 
50*™*  capacity,  under  a  procedure  exactly  the  same  as  that 
described,  with  the  results  as  recorded. 

Deposition  upon  Nickel, 

Copper  Copper 

taken.  found.  Error.       Current.       N.  D.     Time, 

grm.  grm.  grm.  Amp.  100.        Min. 

(1)   0-1041  0-1028  —0-0013  1-5  5-  15 

2)  0-1041  0-1054  +0-0013  2'  6-6  12 

3)  0-1041  0-1036  —0-0005  2-  6-6  15 

These  results  show  that  while  nickel  may  be  employed  as  a 

cathode,  too  much  reliance  must  not  be  placed  upon  results 

obtained  by  its  use  when  tlie  greatest  exactness  is  required. 

Care  must  also  be  taken  in  drying  the  crucible,  since  nickel  is 

very  easily  oxidized  with  a  consequent  increase  in  weight.   The 

deposit  of  copper  was  removed  from  the  crucible  with  nitric 

acid,  with  considerable  loss  of   nickel,  as  the  following  will 

show: 

I.  II.  III. 

Weight  of  nickel  crucible  before 

treatment.. ..-   17-6478       17-6161       17-6091 

Weight  of  nickel  crucible  after 

treatment 17*6161        17*6091       17*5932 

Loss  of  nickel 0*0317         00070         00059 

So  it  appears  that,  while  tlie  silver  crucible  may  with  some 
economy  and  without  sacrifice  of  accuracy  be  substituted  for 
the  platinum  cnicible  used  as  a  rotating  cathode  in  the  elec- 
trolytic determination  of  co])per,  tbe  ease  with  which  the  cru- 
cible of  nickel  is  attacked,  both  during  the  analytical  process 
and  in  the  subsequent  removal  of  the  deposit,  is  a  bar  to  the 
use  of  that  metal  for  the  rotating  cathode. 

Shepherd*  recommends  the  use  of  the  ordinary  disc  anode 
of  platinum  as  the  rotating  cathode,  in  place  of  the  platinum 
crucible,  while  a  still  platinum  wire,  carried  in  seini-circular 
conformity  to  the  edge  of  the  disc  cathode,  serves  as  the  anode. 

According  to  my  experience  with  this  form  and  adjustment 
of  apparatus,  the  deposits  obtained  are  not  so  adherent  as 
might  be  desired  and  tend  to  crumble  away  from  the  edge  of 
the  disc ;  and  the  same  thing  is  true  of  discs  of  copper  and 
silver.     The  probable  reason  for  failure  to  obtain  an  adherent 

•Jour.  Phys.  Chem.,  vii,  508,  1903. 
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deposit  is  that  the  edge  of  the  disc,  being  nearer  the  anode, 
receives  more  current  and  larger  deposit  of  copper  than  the 
central  portions,  with  the  consequence  that  the  deposit  upon 
the  edge,  built  out  and  fragile,  tends  to  break  off  under  the 
rapid  rotation  of  the  disc.  To  remedy  this  defect,  I  have 
used  for  an  anode  a  strip  of  platinum  extending  across  the  cell 
under  and  parallel  to  the  rotating  disc,  so  that  me  current  mav 
be  equalized  all  over  the  disc.  With  the  apparatus  arranged  in 
this  manner,  the  following  very  good  results  were  obtained  in 
the  precipitation  of  copper. 

Deposition  upon  the  Platinum  Disc. 


Copper 

Copper 

taken. 

found. 

Error. 

Cnrrent. 

N.  D. 

Time 

grm. 

grm. 

grm. 

Amp. 

100. 

min. 

(1) 

0-0670 

0-0672 

+  0-0002 

2- 

12 

15 

(2) 

0-0670 

0-0668 

-0-0002 

2- 

12 

15 

(3) 

0-0670 

0-0666 

—  0-0004 

2- 

12 

15 

i*} 

0-0670 

0-0671 

+  0-0001 

2-0 

15 

15 

5 

0-0670 

0-0670 

±0-0000 

2- 

12 

15 

The  attempt  to  substitute  aluminum  for  platinum,  though 
the  former  metal  has  been  recommended  by  Hough,*  as 
material  to  receive  the  deposit,  was  not  successful,  owiiig  prob- 
ably to  the  film  of  aluminum  oxide  always  present.  Various 
measures  were  taken  to  remove  this  film — e,  g.,  the  aluminum 
was  treated  with  hydrochloric  acid  and  quickly  transferred  to 
the  solution,  a  few  drops  of  hydrofluoric  acid  added  before  the 
current  was  passed — but  all  to  no  avail,  the  copper  falling  off 
as  fast  as  deposited. 

From  my  experience,  it  seems  that  the  disc  is  inferior  to  the 
crucible  for  use  as  a  rotating  cathode.  Not  only  does  the  disc 
fail  to  hold  the  deposited  copper  as  well  as  the  crucible,  but 
there  are  diflSculties  of  manipulation  which  render  the  drying 
and  w^eighing  of  the  deposit  upon  the  disc  comparatively 
inexact. 

♦Jour.  Am.  Chem.  Soc,  xx,  802. 
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Abt.  XXIV. — Structure  of  the  Ujiwer  Cretaceous  Turtles  of 
If ew  Jersey:  Lytoloma;*  by  G.  K.  Wieland.  (With  Plates 
V-VIII.) 

In  1865  Leidy  described  as  Chelone  sopita  certain  chelonian 
mai^nals  from  the  Upper  Cretaceous  or  Greensand  of  Tinton 
Falls,  Monmouth  county,  and  several  others  from  Mullica  Hill, 
Gloucester  county,  New  Jersey.  Ona  of  these  specimens, 
including  three  left  marginals  and  part  of  a  fourth,  was  figured 
as  the  type.t 

In  1870  Cope  established  his  genus  Lytoloma^  at  the  same 
time  making  a  not  very  clear  reference  of  Leidy's  Chelone 
sopita  to  both  Propleura  and  Lytoloma^X  The  type  species 
or  the  latter  genus,  Z.  angusta^  as  figured,  is  seen  to  consist  of 
a  single  marginal  and  fragmentary  lower  jaw  with  a  remarkably 
long  symphysis.  Bearing  in  mind,  however,  the  closely  asso- 
ciated "manner  in  which  the  numerous  forms  from  the  New 
Jersey  Greensand  occur,  there  is  at  present  no  positive  proof 
that  this  marginal  and  lower  jaw  belong  to  the  same  individual 
or  even  species,  although  both  these  possibilities  are  probable. 

The  close  resemblance  of  the  lower  jaw  of  Lytoloma  to  that 
of  Chelone  crasstcostatum  (Owen,  1849)§  was  noted  by  Cope. 
The  latter  type  consists  of  a  skull  and  lower  jaw  articulated  in 
normal  position,  and  is  a  rarely  perfect  specimen.  It  was  more 
completely  freed  from  its  matrix, — a  hard  septarian  nodule 
from  the  London  Clay  (Lower  Eocene),  and  further  illustrated 
and  described,  by  Lydekker,  in  1889,  as  Lytoloma  crassicos- 
tatum.\  Its  generic  relationship  to  Z.  anyusta  of  the  New 
Jersey  Greensand,  and  to  the  lower  jaw  from  the  Landenien 
(inf^rieur)  of  Erquellinnes,  Belgium,  first  described  by  DoUo 
as  Pachyrynchns^^,  and  later  referred  to  Euclastes,**  appears  to 
be  unquestioned. 

♦  The  first  paper  of  this  series,  on  Adocus^  Osteojiygis,  and  Propleura^  was 
published  in  this  Journal.  Feb.,  1904.    The  third  paper  will  be  on  Agomj)hus. 

f  Cretaceous  Reptiles  of  the  United  States.  Smithsonian  Contr.  to  Knowl., 
vol.  xiv,  1865,  pi.  xix,  fig.  5. 

X  Extinct  Batrachia,  Reptilia  and  Aves  of  North  America,  1869,  pp.  140, 
145  ;  and  pi.  xi,  figs.  1-1  b. 

§  Fossil  Reptilia  of  the  London  Clay,  Part  I.  Chelonia,  Paleontographical 
Society,  p.  27,  pi.  xi. 

I  On  a  skull  of  the  Chelonian  genus  Lytoloma,  Proc.  Zool.  Soc,  London, 
1889,  pis.  vi,  vii. 

*[[  Les  Cheloniens,  Landeniens  (Eocene  inf ^rieur)  de  la  Belgique,  Bull.  Mus^e 
Roy.  d'Hist.  Nat.  de  Belg.,  t.  iv.  No.  8,  Juill,  1886. 

**  With  reference  to  the  priority  and  synonymy  of  the  species  here  discussed, 
it  is  necessary  to  note  that  the  skull  Euclastes  platyops  Cope  was  first  men- 
tioned in  1867 ;  hence  Euclastes  antedates  Lytoloma  two  years.  Moreover, 
according  to  DoUo  (Sur  le  Genre  Euclastes,  Ann.  Soc.  Geol.  du  Nord.,  t.  xv, 
p.  114,  Mars,  1888)  Euclastes  includes  Chelone  Owen,  1841 ;  Lytoloma  Cope, 
1871 ;  Olossochelys  Seeley,  1871 ;  Puppigefus  Cope,  1871 ;  Pachyrynchits 
Dollo,  1886  ;  Erquellinesia  DoUo,  1887.  But  later  Boulenger  and  Lydekker 
(Geol.  Hag.,  Dec.  8,  vol.  iv,  p.  270,  1887),  pointed  out  that  Euclastes  is  pre- 
occupied ;  t^us  the  later  name  Lytoloma  becomes  valid. 
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It  is  tlius  seen  that  the  cranial  characters  of  Lytoloma 
anguata  Cope  are  inferentially  known  and  poiot  eonelnBively 
to  a  position  in  the  Cheloninse,  although  as  jet  no  adequate 
deecnption  of  a  Lytolonian  carapace  from  the  Greensand  of 
New  Jersey  has  been  given.  It  is  therefore  of  distinct  interest 
to  iind  that  the  Yale  specimen  No.  625  proves  to  be  a  fairly 
complete  carapace,  with  marginals  so  distinctly  like  those  of 
L.  angvsta  as  to  indicate  their  apeeilie  identity.  Moreover,  the 
rather  close  relationship  to  Propleura,  and  the  various  primi- 
tive characters  present,  add  to  our  knowledge  of  the  early 
marine  fonn?,  and  brin^  ns  a  step  nearer  to  the  actual  lines  of 
descent  of  existing  marine  turtles  from  littoral  forma.  While 
n6t  known  to  have  survived  beyond  the  Eocene,  the  Lytoloiuas 
show  by  their  structure  that  they  were  not  more  tlian  generic- 
ally  removed  from  the  existing  genus  Ohelone.  Before  passing 
on  to  the  description  of  the  carapace,  however,  it  will,  because  of 
the  extended  synonymy  just  reviewed,  the  considerable  number 
of  years  since  the  collection  of  the  materials  from  New  Jersey, 
and  the  fragmentary  condition  of  many  of  the  specimens, 
be  necessary  to  note  brieHy  the  evidence  as  to  accompanying 
cranial  characters. 


C.S. 

FiODRE  1.— tylo/oma  angv^la  Co]iP.  Superior  and  lateral  view  of  DenU- 
lium.  X  |.  (Y.  S.  913,  from  Upper  CretaceonB  Oreensand  of  Bomerstown, 
New  Jersej.  c.  «.,  coTonoid  HuCure  and  entural  enrfHCe ;  >,  splanial  intllTe 
andsntnralenrface;  d,  dental  foriimen(ari&ce8l.ightlj  arched  over);  /,  nntri- 
tion  foramen  (for  maodibnlar  branch  of  jngnlsr  tmd — Bojauua) ;  m,  maaie- 
terio  fossa  (insertion  of  masBeter  maecle). 

The  Lower  Jaw. 
Evidence  of  tlie  specific  association  of  lower  jaws  and  mar- 
ginals of  the  Lytoloma  anguata  form  is  not  abundant  in  the 
Yale  collections,  though  fairly  eonclnsive.    A  dentaliam  which 
is  accompanied  by  a  fragmentary  but  characteristic  marginal  is 
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shown  in  figure  1.     Several  more  or  less  isolated  jaws  of  the 
same  form  attain  about  double  the  size  of  that  illustrated. 

The  relative  width  of  the  lower  jaw  of  Lytoloraa  is  much 
greater  than  in  the  living  Chelonians.  Its  further  peculiarities 
are  mainly  to  be  observed  in  tlie  dentaliiira,  notable  for  its 
remarkably  long  symphysis  and  very  large  pits  for  the  inser- 
tion of  powerful  masseter  muscles.  These  specialized  features 
primarily  suggest  a  conchifragous  hahit*  The  massive  im- 
perforate palatal  surface  described  below  also  strongly  supports 
the  view  tnat  these  Lytolomas  had  become  littoral  conch-eaters, 
finding  their  home  and  an  abundant  supply  of  mussels  and  other 
"shell  fish"  on  the  New  Jersey  Cretaceous  shore  lines. 

The  Cranium. 

With  the  exception  of  Z.  (Euclastes)  ji??«^y6>/?*  Cope  no  further 
Lytolmna  crania  from  the  Upper  Cretaceous  of  New  Jersey 
have  been  figured.  The  only  specimen  in  the  Yale  collection 
referable  to  uie  genus  is  an  isolated  anterior  portion  of  a  skull, 
which  is,  however,  in  a  wonderful  state  of  preservation,  as 
shown  in  the  accompanying  text — figure  2  (A,  B,  and  C).  There 
is  no  means  of  now  determining  with  certainty  whether  or  not 
this  specimen  is  a  Lytoloma  anynsta.  It  is  quite  possible  that  the 
lower  jaw  pertaining  to  it  had  a  somewhat  differently  shaped 
coronoid  region  than  that  of  Z.  migusta.  Kather  than  erect  a 
new  species  on  such  slender  evidence,  it  may  suffice  to  refer  to 
this  rare  and  interesting  specimen  by  number  when  comparing 
its  characters  with  those  of  other  forms.  With  Z.  platyops 
Copef  this  comparison  is  as  follows : — 

Lytoloma  (Euela8te8)/);afj/op«  Cope.       Lytoloma^  Yale  8i)ecimen  No.  913a. 

1.  ''MaxiUaries  and  palatines  sepa-        1.  Maxillaries  and  palatines  pro&a- 

rated  throughout  by  the  pro-  bly  separated   throughout  by 

longed  vomer."  elongate  vomer. 

2.  '*  Poflteriornares  opposite  palatal  i      2.  Internal  narial  opening  well  back 

front  margin  of  orbits  "  (?  ?).  from  both  the  lower  (palatal) 

and  the  upper  (orbital)  anterior 
border  of  the  palatines. 

3.  "PremaxiUary  margin  project-       3.  As  in  L.  plat  yaps ;  that  is,  pre- 

ing  beak-like ;"  alveolar  face  maxillaries    projecting    more 

little  ooncave.  than  in  the  Chelonidae,  but  not 

forming  a  projecting  and  de- 
curved  beak  as  in  either  Chely- 
dra  or  Archelon. 

4.  **  Vomer  forming  a  central  ridge."  >      4.  Outer    (or    palatal)    surface    of 

vomer  flat  anteriorly  but  raised 
between  the  palatines. 

5.  Floor  of  nasal  meatus  perforate:      5.  Floor  of  nasal  meatus  imjjerf ovate 

for  hook  of  mandible.  and  very  thick. 

6.  **No8trilB  superior  behind   the,      6.  Asin L. Platyop8{noi Bothremys). 

short    projecting    beak    (not  I 
borne  on  a  projecting  muzzle). "  ; 

*  DoUo,  Premiere  Note  but  les  Cheloniens  landeniens  (^c^ne  inf^rieur)  de 
la  Belgique,  Bull.  Mns^e  Roy.  d'Hist.  Nat.  de  Belg.,  t.  iv,  No.  8,  p.  188, 1886. 
f  Loc.  cit.,  p.  148. 
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In  both  the  above  eknlls  (borrowing  farther  from  the 
description  of  L.platyops,  as  given  by  Cope),  the  descending 
portion  of  the  prefrontal  is  very  wide,  ana  eqnal  to  the  widtli 
of  the  maxillary  outside  the  email  lachrymal  foramen.     Inter- 


znp. 


V 


FlotRK  2. — L'lloloma  angusla  i  Anterior  portion  of  cranium,  x  (.  Tale 
flpecimen  913b.     From  tht)  Upper  Cretaceous  of  Homerstown,  New  Jersey. 

A,  superior, — B,  right  Inltral.^C.  palatal  view. — pni.  premaiillaly  ;  m. 
maiillary  ;  pf,  prefrontal ;  o.  anterior  border  of  orbit ;  /.  foramen  (alrrolart 
aiiperiKS  I '.)  :  fpii ,  foi-ameii  jmlaliiio  iiaaiil ;  J,  jngal ;  p,  palatine  ;  c,  vomer: 
inp,  Internal  nariid  pasnai;^  (the  vomero- palatine  wall  being  partly  broken 
away). 


G.  B.  Widand — Upper  Cretaceous  Turtles.         187 

nally  the  colamns  of  the  prefrontals  converge  below  nearly  to 
an  acnte  angle  and  are  directed  forward,  also  much  backward 
in  lA/tcloma  (Yale  specimen  No.  913a),  thus  forming  a  strong 
internal  base  on  the  vomer.  They  restrict  the  nasal  meatus, 
leaving  its  diameter  less  than  that  of  the  columns. 

The  internal  nares  in  the  present  specimen  open  far  back ; 
but  the  long,  broad,  and  massive  vomer  is  fairly  complete,  and 
it  is  not  likely  that  the  palatines  closed  in  behind  it  to  further 
roof  the  narial  passage.  If  so,  herein  may  lie  a  marked  differ- 
ence from  the  still  more  specialized  Eocene  Ly tolomas  from  the 
London  Clay  and  the  Landenien  inf^rienr  of  Belgium.  In 
describing  the  skull  of  Lytolama  ordssicostaUim  Owen,  Lydek- 
ker  says:  "one  of  the  first  points  which  strikes  tlie  observer 
[on  comparison  with  Thalasaochelys]  is  its  extreme  shortness, 
the  width  at  the  widest  part  of  the  temporal  arch  being  exactly 
equal  to  the  length  from  the  occipital  condyle  to  the  muzzle  ; 
whereas  in  the  Loggerhead  tlie  former  diameter  is  considerably 
less  than  the  latter,  whilst  in  Chelone  the  difference  between 
the  two  diameters  is  still  greater.  Still  more  noticeable  is  the 
backward  position  of  the  posterior  nares,  which  are  situated  at 
a  point  one  third  the  distance  from  the  condyle  to  tlie  muzzle, 
as  indeed  is  mentioned  in  M.  Dollo's  description  of  the  Belgian 
specimens.  In  that  description  it  is,  however,  stated  that  the 
boundary  of  the  posterior  nares  is  formed  by  the  development 
of  the  palatal  plates  f roin  the  pterygoids.  So  far,  however,  as 
can  be  seen  from  the  present  specimen,  it  would  appear  that 
this  border  is  really  constituted  by  the  palatines,  since  on 
either  side  there  seems  to  be  a  distinct  suture  se])arating  the 
bones  forming  the  border  of  the  posterior  nares  from  the 
undoubted  pterygoids.  Looking  at  the  arransrement  of  the 
palatines  in  the  Loggerhead,  it  would  seem  much  more  natural 
that  these  should  be  prolonged  backwards,  rather  than  that  the 
pter\'goids  should  assume  the  condition  assigned  to  them  by 
M.  Dollo.  In  either  case  the  vomer  is  excluded  from  the 
posterior  nares,  but  its  positi<m  anteriorly  is  not  shown  in  this 
specimen."  (It  is  obscured  by  the  lower  jaw  which  is  in 
place.)* 

Ttie  Carapace  and  Plastron. 

The  specimen  (Yale  Catalogue,  No.  625)  on  which  the  fol- 
lowing description  is  mainly  based  was  received  from  the  West 
Jersey  Marl  Company,  May  1,  1809.  It  is  from  the  old,  long 
unworked  marl  pit,  one  and  one-half  miles  east  of  the  village 
of  Bamsboro,  Gloucester  county.  New  Jersey.  Willows, 
holly,  pine,  etc.,  now  grow  scatteringly  over  this  area  of  former 
excavation  some  thirty  acres  in  extent,  which  has  yielded  so 
many  other  interesting  fossils,  among  them  the  remarkably 
tine  carapace  and  plastron  Osteopygis  Gihhi, 

*  Lydekker,  loc.  cit. 
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The  recovered  portions  of  the  present  specimen,  shown  in 
detail  by  the  stippled  areas  in  Plate  \  III,  consist  of  (a)  the  third, 
fifth  and  sixth  neurals ;  (b)  the  antero-  and  postero-pjgal ;  (c) 
the  pleuralia  of  the  right  side  less  the  free-rib  tips,  but  with 
the  inner  or  neural  borders  of  all  but  the  second  distinct ;  (rf) 
the  first  to  the  fifth  pleurals  inclusive  of  the  left  side,  the  free- 
rib  tips  of  the  second  and  fifth  being  present,  also  a  fragment 
of  the  seventh  pleural,  as  indicated  by  its  form  and  the  postero- 
lateral furrow  of  the  fourth  vertebral  horn-shield  which  crosses 
it ;  (e)  the  fourth  to  the  seventh  inclusive,  and  the  ninth  mar- 
ginals of  the  right  side,  and  the  fourth  to  the  eleventh  mar- 
ginals inclusive  of  the  left  side,  with  the  anterior  half  of  the 
pygal  marginal.  There  are  also  some  fragments  of  the  accom- 
panying plastron,  which,  although  too  incomplete  to  permit 
the  exact  restoration  of  any  of  the  plastral  elements,  indicate  a 
plastral  form  even  more  reduced  than,  but  otherwise  much  like 
that  seen  in  Osteopygis  and  Propleura, 

With  the  exceptions  mentioned,  all  parts  of  the  carapace,  as 
far  as  recovered,  are  uncrushed  and  but  little  broken.  As  sent 
to  the  museum,  they  were  dissociated,  but  the  sutures  are  well 
preserved  and  almost  without  exception  interlock  in  their 
normal  position,  so  that  it  is  possible  to  determine  these 
elements,  as  well  as  the  general  form  of  the  carapace.  The 
fortunate  presence  of  the  third  neural,  with  both  the  adjoin- 
ing third  pleurals  as  well  as  two  rib  tips  of  the  left  side,  leaves 
no  doubt  as  to  the  width  of  the  carapace.  Moreover,  the 
borders  of  the  missing  second,  fourth,  seventh,  eighth,  and 
ninth  neurals  are  indicated  exactly,  and  those  of  the  first 
neural  approximately.  The*  anterior  sutural  border  of  the  first 
left  pleural  being  complete,  there  can  be  little  doubt  but  that 
the  nuchal  had  approximately  the  outline  indicated  in  Plates 
VI-VllI.  The  length  of  the  missing  three  anterior  marginals 
can  only  be  inferred,  but  must  be  nearly  that  shown  in  outline. 

With  regard  to  the  general  form  of  the  marginals  and  of  the 
posterior  neurals  in  the  present  genus,  and  in  Osteopygis  and 
Propleura^  figwre^  3-6  in  the  text  aflFord  data  for  exact  com- 
parison. Taken  in  conjunction  with  the  facts  already  given, 
they  require  little  further  description.  It  may  only  be  noted 
that  the  specimen  represented  in  figure  5  shows  a  diminution 
of  the  posterior  neurals  more  marked  than  that  in  Osteopygis 
Gibhi^  while  the  condition  in  Propleura^  ti;;ure  6,  is  more  like 
that  of  the  present  form. 

As  indicated  in  Plates  VI  and  VII,  the  horn-shield  furrows 
are  all  distinct  and  rather  broad.  The  carapace  is  of  sub- 
orbicular  outline,  being  broadest  across  the  posterior  end  of 
the  fifth  neural.  In  this  respect  it  is  somewhat  intermediate 
between  cordate  forms  like  those  of  the  existing  Chelouinse 
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Dd  the  Osteopyges,  which  are  broadest  across  the  anterior  end 
f  tlie  sixth  neural.  In  the  present  more  primitive  turtle 
le  cordate  form  of  the  Chelonine  carapace  is  beginning  to 
ppear^  the  swinging  back  of  the  eighth  rib  into  a  pit  of  the 
leventh  marginal,  and  the  consequent  leaving  of   the  tenth 


FiomB  3. — Lytoloma  angusta  Cope  (Yale  specimen  625).  Natnral  size. 
''ertical  middle  transverse  section  through  the  4-11,  and  pygal  (pm)  mar- 
Inals.    Respective  rib  pits  in  dotted  outline. 

larginal  without  a  supporting  rib,  as  in  Chelone,  having 
Iready  occurred.  Compare  plates  V  and  VI.  In  Osteopygis 
fihbi  the  femur  is  longer  than  the  humerus,  and  from  general 
3niparison  it  may  be  argued  that  in  the  present  species  of  Zj/to- 
yma  the  femur  is  relatively  shorter  than  in  Oateopygis^  but  not 
>  shortened  as  in  the  existing  marine  turtles.  This  inter- 
lediate  development  is  an  important  point. 
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In  addition  to  the  fragmentary  portions  present,  the  general 
form  of  the  plastron  is  in  part  mdieatea  bv  the  marginals. 
The  digitations  of  the  antero-external  limb  of  the  hjoplastron 
projected  into  several  small  shallow  pits  in  the  lower  border  of 
the  posterior  half  of  the  fourth  and  the  anterior  half  to  three- 
fourths  of  the  fifth  marginals,  thus  forming  a  dactjlate  junction 


Figure  4. — Projyleura  borealis  Wieland  (type),  x  |.  Vertical,  middle,  or 
end  transverse  sections  of  marginals  for  comparison  with  the  marginals  of 
Lytoloma  shown  in  figure  8. 

1,3,5,  6,  7,  middle  sections  nnmbered  respectively ;  2a,  2p,  anterior  and 
posterior  end  outline  (or  section)  of  second  marginal ;  s,  s,  inner  border  of 
first  and  second  marginal  (uniting  by  suture  to  first  pleural  and  not  free  as  in 
Lytoloma) ;  /,  free  border ;  7^2,  claw-shaped  furrow  in  third  marginal  for 
reception  of  second  rib  ;  r,  r,  r,  rib  pits  in  5-7  marginals  for  reception  of 
respective,  i.  e.  3-5  ribs. 

6'5  to  8*^™  in  length.  This  is  a  distinctly  shorter  junction  than 
in  Osteopygis^  in  which  the  outer  hyoplastml  limb  extends 
forward  to  the  second  marginal,  and  is  about  equal  in  extent  to 
that  seen  in  EretmoGhelys,  Xo  distinct  pits  for  the  reception 
of  the  outer  digitations  of  the  hypoplastron  exist  in  the  fossil  at 
hand.     In  the  Osteopyges,  these  are  present  for  both  limbs  of 


O.  E.  Widand—  Upper  Oretaeeoua  TvrOea.         101 

the  plastron,  marginals  3  and  8  being  deeply  pitted  for  the 
extreme  ends  of  tlie  hyo-  and  hypoplastron,  respectively,  as 
explained  in  the  description  of  0.  Gibbi  and  PropUura.    In 


FisuBX  5. — Otttopygii  sp.  (Yale  specimen  908).  x  +.  Bight  eighth  pleural 
with  the  ninth  nenml  and  a  portion  of  the  antero-pygal  (P)  Httached.  Hom- 
shield  borders  of  fourth  and  fifth  yertebralia  and  fourth  costal  liom-Bhields 
distinct  and  shown  in  triple  line.     (TbicknesB  of  nenral  is  -7  cm.) 


Fionas  8,— iVop/eunt  sp.  (Ynle  specimen  -infl).  x  i  Riffht  and  left  seventli 
>nd  eighth  pleuralia  and  seventh  neurnl  with  bordera  of  the  fourth  and  fifth 
certebral  and  thu  fonrth  costal  horn -shields  distinct  and  nhowii  in  triple  line. 


s  of  plearalia  at  BUtural  edge  'B-'S  cm.)  Barnshoro,  New  Jersey. 
the  living  Chelouioffi,  the  m&rmnfil  pits  for  tlie  pWtral  digita- 
tions  are  indistinct.  Hence,  Lijtoltjma  is  also  intermediate  in 
this  respect. 
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» 

AdocvSj  Osteopygis^  Lytoloma^  and  Chelone  thus  virtually 
form  a  series  passing  from  a  strong  cleido-  to  a  weak  dactylo- 
sterual  plastral  junction.  The  large  anterior  and  posterior 
plastral  foramina  and  the  elongated  entoplastron,  however,  are 
distinct  departures  from  such  a  plastron  as  that  of  Adoeus,  lead- 
ing to  the  plastral  form  seen  in  living  sea  turtles. 

Synopsis  of  the  Characters  of  Lytoloma, 

Cranium. — Agreeing  in  most  characters  with  the  existing 
Cheloninse,  but  specialized  for  a  conchifragous  habit;  short, 
very  broad,  with  external  nares  directed  as  much  upward  as 
forward.  Vomer  large  and  heavy ;  internal  nares  roofed  over 
back  of  vomer  by  union  of  palatines  in  Eocene  species  (Lydek- 
ker  and  Dollo),  but  probably  not  in  New  Jersey  Upper  Creta- 
ceous forms;  palatal  surface  perforate  for  lower  jaw  in  Z. 
{Eudastes)  platyom  Cope,  heavy  and  imperforate  in  Lytoloma 
(Yale  specimen  Iso.  913a  =  L,  angustaf). 

Loxoer  Jaw. — Short  and  broad,  with  a  very  long  symphysis, 
and  wide  and  deep  lateral  pits  for  the  attachment  of  heavy 
masseters. 

Carapace. — Suborbicular  in  outline,  with  wide  and  persistent 
pleuro-marginal  foutanelles;  composed  of  51  bony  plates  with 
the  boundaries  of  the  (38)  horn-sliields  distinct,  the  numerical 
agreement  thus  being  complete  in  Osteopygis^  Propleura,  and 
Chelmie.  Marginals  11  pairs,  narrow  anteriorly,  but  increasing 
in  breadth  to  the  eleventh,  which  is  nearly  as  broad  as  long, 
with  outer  borders  forming  an  evenly  continuous  curve  to  the 
eighth  marginal,  beyond  wnich  the  carapace  is  more  and  more 
emarginate  at  the  ends  of  the  marginals,  upper  and  nether  sur- 
faces of  equal  area,  inner  surface  a  shallow  rounded  furrow; 
both  outer  surfaces  of  fourth  marginal  nearly  flat,  with  slight 
concavity  of  the  upper  surface  and  convexity  of  the  lower  sur- 
face beginning  with  the  fifth  and  increasing  to  the  eleventh, 
supported  by  rib  tips  only,  and  upper  inner  borders  bounding 
the  series  of  large  pleuro-marginal  f ontanelles ;  rib  pits  deep 
and  of  round  to  elliptical  section,  those  for  the  second  to  the 
eighth  ribs  being  borne  posteriorly  on  the  third  to  ninth  mar- 
ginals inclusive,  the  tenth  marginal  ribless  and  the  eleventh  sup- 
porting the  ninth  rib  anteriorly,  as  in  Chelo7ie.  Nuchal  large 
and  broad.  Neuralia  (9)  without  marked  tendency  to  the  sup- 
pression of  any  of  the  nnal  members  of  the  series,  as  in  Adaous 
and  Osteopygis.  Antero-  and  postero-pygal  as  in  Chelone; 
surface  of  the  plates  smooth,  not  pitted,  and  as  in  the  living 
Chelonians. 

JIor?}'8hieldif.—  {SS  in  number)  agreeing  numerically  with 
those  of  Chelone.     Vertebralia  broader  than  long. 

Plastron. — Much  as  in   Osteopygis,  but  with  a  narrower 
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bridge  (as  indicated  by  fragmentary  portions  acconapanying 
Yale  specimen  No.  625,  and  by  marginals  4  and  5). 

Limbs. — Little  known ;  humerus  and  femur  thalassoid,  and 
of  nearly  equal  development. 

Habitat. — Infralittoral.     Habit — Conchifragous. 

Jiange, — Upper  Cretaceous  and  Lower  Eocene  of  Europe 
and  America. 

Systematic  Position  of  Lytoloma  and  of  Osteopygis* 

Where  shall  we  place  Lytoloma^  which  in  common  with 
Osteopygis  and  Propleura  has  a  reduced  and  somewhat  Chdy- 
dror-  or  StaurotypusA\ke  plastron,  and  a  distinctly  Chelone- 
like  carapace?  It  is  my  belief,  based  on  certain  somewhat 
fragmentary  fossils  w^hich  it  is  proposed  to  illustrate  later,  that 
in  the  New  Jersey  Upper  Cretaceous  there  were  already  pres- 
ent forms  more  nearly  related  to  Chelone  than  is  Lytoloma^ 
although  as  Dollo  well  suggests  such  are  far  rarer  than  has 
been  assumed.  Second,  the  free  tenth  marginal  of  Lytoloma 
indicates  that  the  swinging  back  of  the  ninth  rib  (or  eighth 
and  ninth  ribs),  thus  leaving  the  ninth  or  tenth  marginal,  as 
the  case  may  be,  without  rib-support,  took  place  early,  and  was 
correlated  with  the  shortening  of  the  femur  and  the  develop- 
ment of  heavy  front  flippers.  Third,  it  appears  that  Osteo- 
pygis and  Propleura  belong  to  a  side  line,  with  long  and  still 
ciielic  femora,  which  never  accomplished  the  rib  change  just 
mentioned  and  did  not  surv^ive;  and  fourth,  Lytoloma  origi- 
nally sprung  from  this  side  line.  If  so,  the  latter  genus  devel- 
oped by  parallelism  a  carapace  which,  with  the  skull  (that  of 
Osteopygis  being  yet  unknown)  and  the  thalassoid  humerus,' 
brings  it  so  near  to  Chelane  as  to  make  necessary  the  mclusiou 
of  both  these  genera  in  the  same  subfamily. 

Having  settled  this  point,  the  question  remains  as  to  whether 
the  two  genetic  groups  containing  Osteopygis^  Propleura^  and 
Lytoloma  on  the  one  hand,  and  the  living  members  of  the 
Cheloninae  and  their  more  direct  ancestors  in  the  otiier,  shall 
be  included  in   the  same  subfamily.      Osteopygis^  the  most 

E primitive  of  all  the  forms  in  question,  is  removed  from  Chelone 
y  its  less  modified  limb  structure,  with  all  or  nearly  all  the 
claws  present ;  by  its  less  reduced  marginals,  consecutively  rib- 

*  In  my  first  paper  on  the  Upper  Cretaceous  Tnrtles  of  New  Jersey  (this 
Toamal,  vol.  xvii,  Feb.,  1904),  the  opinion  was  tentatively  expressed  that 
Osteopygis  and  Propleura  might  best  be  separated  in  a  distinct  family, 
namely  Cope's  ProplenridaB,  but  the  utmost  degree  of  separation  any  one 
might  suggest,  now  that  Lytolotna  has  been  more  closely  considered,  would 
be  as  a  subfamily, — the  Propleurinae.  The  position  now  assigned  to  these 
forms  is  virtoaUy  that  given  them  in  a  provisional  classification  of  marine 
feartles,  proposed  earlier  (this  Journal,  vol.  xiv,  p.  108,  1902),  and  to  which 
I  shaU  as  yet  adhere,  although  recognizing  with  Dollo  the  great  difficulty,  if 
not  impracticability,  of  satisfactorily  dividing  the  CheloniidaB  into  sub- 
families in  the  present  imperfect  state  of  our  knowledge  of  the  group. 
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supported ;  by  the  absence  of  pleuro-marginal  fontanelleB  and 
the  nether  articular  process  ot  the  nuchal,  and  finallj  by  its 
mere  Chelydra-like  pelvis  and  earlier  type  of  plastron.  Doubt- 
less there  are  also  cranial  differences.  There  is,  therefore, 
between  Oateopygie  and  Chslone^  when  considered  alone,  a 
very  distinct  structural  interim  such  as  might  well  characterize 
two  subfamilies.  Lytoloma^  however,  is  so  exactly  intermediate 
that  taken  with  other  forms,  existing  and  extinct,  there  exists 
a  nearly  continuous  morphological  series,  passing  bv  simple 
generic  or  even  lesser  stages  from  the  most  speciauzed  existmg 
Cheloninfe  back  to  Osteopygis,  In  fact  the  greatest  hiatus 
remaining  unbridged  appears  to  be  the  ribless  ninth  or  tenth 
marginal,  as  seen  in  Lytoloma  and  existing  forms.  I  am  at  a 
loss  to  surmise  if  this  condition  was  due  to  a  slowly  effected 
change,  or  was  suddenly  developed  after  the  appearance  of 
pleuro-marginal  fontanelles  in  the  early  line,  giving  rise  to  the 
two  genetic  groups  mentioned.  In  either  case  it  must  have 
been,  as  ah*eady  hinted,  correlated  with  femoral  shortening 
and  the  development  of  strong  front  flippers,  and  is  scarcely  to 
be  considered  as  of  more  than  generic  value.  If  a  separation 
into  two  subfamilies  were  made,  it  would  have  to  be  based 
mainly  on  this  feature,  as  furnishing  the  only  sharp  distinction. 

The  final  conclusion  must  be  that  Osteopygis  and  Propleura 
can  be  placed  in  a  separate  subfamily,  the  Propleurinae,  on 
genetic  grounds,  but  that  further  discovery  may  bring  them  very 
near  if  not  into  the  Cheloninse.  Moreover,  as  has  been  seen, 
these  forms,  though  not  apparently  forming  a  closed  series, 
permit  the  statement  that  Osteopyais  was  no  more  than  gener- 
ically  separated  from  some  strongly  web-footed  littoral  turtle, 
which  was  the  true  ancestor  of  the  existing  Cheloninse. 

The  facts  given  in  the  present  and  preceding  papers  on  the 
Upper  Cretaceous  turtles  of  New  Jersey,  as  well  as  in  my 
paper  on  Toxochelys^  indicate  the  manner  in  which  the  marine 
turtles  have  been  dferived  from  generalized  land  forms,  together 
with  their  line  of  descent.  Aside  from  the  carpal  and  tarsal 
changes  involved  and  as  yet  but  meagerly  illustrated  by  fossil 
forms,  the  most  interesting  future  discoveries  will  be  the 
ancestral,  littoral,  and  fluviatile  Osteopygoid  tortoises. 

3feasurements  of  Lytolotna. 

(A)  The  denlalium  of  Lytoloma  angusta  (Yale  speci- 
men No.  913.)     Uncrushed. 

Width  (measured  from  outer  extremities  of  the  coro- 

noids) 7*5^" 

Distance  (on  median  line)  of  hook  from  anterior  ends 

of  the  coronoids 4*7 

Length  of  median  symphysis 4'2 

Greatest  vertical  depth  of  median  symphysis 1*1 
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(B)  Anterior  portion  of  the  skull  of  Lytoloma  sp. 

(Yale    specimen    No.    91da=:X.    augtista'^.) 
TTncrushed. 

Length  of  palatal  surface  of  vomer 3-8 

Width  **  "  "       20 

Length  of  palatal  surface  of  premaxillary 2*7 

Greatest  width  of  palatal  surface  of  premaxillary..  1*0 
Greatest  thickness  of  vomeral  partition  between  the 

nares 1*1 

(C)  The  carapace  of  Lytoloma  angusta.     {Elements 

nncrushed  and  disarticulated.     Yale  specimen 
No.  626.) 

length  (estimated  to  within  one  or  two  centimeters)  58* 
Breadth  (greatest,  as  measured  across  anterior  end 
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(1)     liony  Plates. 

(a) 

(b) 
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Length  over  Median 

cnryature.  width. 

l8t  pleural 20-  5* 

2d  "        24-  6- 

3d  "        25-  5-5 

4th  "        25-5  5-3 

6th  "        24-5  5- 

6th  "        22-  6- 

nh  "        19-  5-5 

8th  "        15-  5- 

(The  large  plearo-margiiial  fontanelles  are  approximately  one- 
third  the  length  of  the  pleurals  which  respectively  bound  them.) 

(2)     Honi'Shidds. 

Length  on  median  Greatest 

line  of  carapace.  breadth. 

Nuchal 

1  St  vertebral    ll* 

2d         "  10-  14-5 

3d         "  11-  13-5 

4th        "  11-4  16* 

5th        «  

Length  of  fifth-eleventh  marginal  horn -shields,  respectively, 
measured  along  outer  border  of  carapace  : — 6*5,  7*5,  8*0,  8*5,  8'b, 
80,  7-6. 

LETTERING  OF  PLATES  V-VUI. 

(a)  Bone  Plates : — JV,  Nachal ;  1-9^  Nenralia  ;  A,  Antero-,  P,  Postero-,  U, 
Marginal-Pygal ;  I-VIU,  PleuraUa;  MV-Mlly  9th-l  1th  Marginals ;  »  (in 
Plate  V),  Snpemomerary  nenral. 

(b)  Horn  Shields  : — n,  Nnchal ;  r,  r,  r,  t?,  v,  l8t-5th  Vertebralia  ;  c,  c,  c,  c, 
l8t-4th  Costalia ;  S  (in  Plate  V},  Supernumerary  vertebral ;  10-12,  Mai^- 
nalia ;  /,  /,  /,  Pleuro-marg^nal  fontanelles. 

Yale  University  Musenm, 
New  Haven,  Conn. 
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Abt.  XXV. — The  root-structure  of  North  American  terres- 
trial Orchideoe;  by  Theo.  Holm.  (With  figures  in  the 
text.) 

Few  orders  have  offered  a  larger  number  of  interesting  data 
in  the  various  phases  of  the  life-history  of  plants  than  the 
OrchidecB.  By  their  manifold  structures,  readily  perceivable 
among  their  various  biological  types,  they  have  for  years 
attracted  considerable  attention  and  furnished  ample  material 
to  writers  on  morphological  and  anatomical  botany.  It  is 
quite  natural  that  the  epiphytic  species  have  received  a  more 
general  treatment  than  tlie  terrestrial,  on  account  of  their 
unquestionable  prominence  in  floral  and  vegetative  characters, 
besides  that  then*  cultivation  being  less  diflicult  has  made  them 
more  accessible  to  study  than  the  others.  Among  the  terres- 
trial species  very  few  have  been  studied  from  a  general  point 
of  view  except  old-world  species,  but  several  of  these  have, 
nevertheless,  served  as  the  very  basis  of  such  magnificent  con- 
tributions to  science  as  those  of  Irmisch.  While,  thus,  our 
native,  terrestrial  Orchidece  are  very  little  known  from  a  mor- 
phological and  anatomical  point  oi  view,  the  following  notes 
on  their  root-structure  are  offered  as  a  small  contribution  to 
the  knowledge  of  these  interesting  plants,  with  the  intention 
to  add  some  further  observations  in  a  subsequent  paper,  which 
we  have  made  upon  the  other  organs. 

As  a  general  result  of  these  observations  we  might  state 
here,  that  it  seems  to  be  a  rule  that  a  tuberous  rhizome  is 
only  provided  with  slender  roots  as  is  the  ease  with  Arethusa^ 
Calypso^  Bletm^  Tipnlaria^  Apleetruin^  etc.,  while  species 
with  slender  rhizome  may  possess  tuberous  roots,  as  for  instance : 
Orchis  spectabUiSj  Platanthera^  Spiranthes^  etc.,  or  the  roots 
may  be  equally  slender,  as  in  Cyprlpediuin^  Goodyera  and 
certain  species  of  Pogonia:  verticillata^  ophioglossoides  and 
divaricatii, — We  might,  also,  call  attention  to  the  fact,  that 
the  development  of  such  varied  structures  of  roots  and  rhi- 
zomes does  not  seem  to  be  dependent  upon  any  special  nature 
of  environment;  on  the  contrary,  species  with  tuberous 
rhizomes  may  occur  in  open  bogs  as  well  as  in  deep,  shaded 
woods;  and  species  with  tuberous  or  slender  roots  mav  be 
found  in  bogs,  ravines,  in  dry  fields  or  in  cleariiiifs  in  thiclcets. 
In  this  particular  respect  the  plants  themselves  seem  to 
possess  a  very  pronounced  individuality,  and  are  diflicult  to 
classify  as  meso-,  hydro-  or  xero-phytes.  It  appears  even  to 
be  rather  uncertain  whether  some  of  these  species  are  to  be 
considered  as  auto-phytes  or  hemisapro-phytes. — And  when  we 
consider  the  general  structure  of  the  roots  alone,  it  seems  quite 
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impossible  to  ofiPer  any  satisfactory  explanation  as  to  certain 
facts,  for  instance,  tlie  presence  of  a  velamen  in  Tipularia 
discolor^  and  its  absence  in  Aplectrum^  although  the  nature  of 
the  surroundings,  the  substrate  even,  is  the  same  in  both,  and 
they  both  are  terrestrial.  In  liletia  verecunda^  on  the  other 
hand,  the  development  of  a  similar  velamen  may  be  explained 
as  an  inherited  character,  since  other  species  of  tlie  genus  are 
epiphytic.  A  similar  approach  to  the  epiphytic  root-type  as 
demonstrated  by  certain  species  of  Spiranthes  is,  also,  very 
puzzling,  inasmuch  as  this  genus  does  not,  otherwise,  exhibit 
any  antdogies  in  common  witli  epiphytes. 

From  these  data,  it  may  be  readily  appreciated  that  the 
Orchidece  are  not  to  be  classified  in  anytliing  like  natural 
sequence  based  upon  root-structure  alone,  and  we  have  thought, 
therefore,  that  it  would  be  the  most  convenient  to  treat  the 
different  types  of  roots  by  themselves,  and  regardless  of  the 
natural  affinities  of  the  genera  or  species  in  question.  In  this 
way  a  general  idea  of  the  root-structure  may  be  obtained  with 
less  dimculty. 

The  following  types  may  be  distinguished  as  characteristic 
of  the  terrestrial  species : 

A.  Roots  slender  with  the  leptome  and  hadrome  located  in 
one  central-cylinder. 

B.  Roots  tuberous  with  the  leptome  and  liadrome  located  in 
one  central-cylinder. 

C.  Roots  tuberous  with  several  cylinders  of  leptome  and 
hadrome. 

Of  these  types  the  first.  A,  represents  several  cases  of 
deviation  from  the  ordinary  root-structure  by  the  presence 
of  a  velamen  for  instance  {Tij}ularia,  Bletia\  by  a  peculiar 
striate  thickening  of  cortex  (Liparis\  and  by  the  development 
of  a  true  pith  {Calypso^  Goody era^  Hdbenaria^  etc.).  The 
second  type,  B,  is  especially  characteristic  bv  reason  of  its 
large  dimensions,  due  to  numerous  layers  of  cells  in  cortex  and 
pith,  while  the  third,  C,  as  already  indicated,  possesses  several 
mestome-cylinders. 

Type  A. 

Cypripedium,  acaule  Ait.,  C. pubescens  Willd.,  C.  qxMatum 
Swtz.,  C.  inontanmn  Dough,  C,  fascicrdatum,  Kellogg,  V. 
Californicmn  Gray  and  C,  arieimuin  R.  Br. 

In  the  genus  Cypripedium.  the  root-structure  comes  nearest 
that  of  a  normal  root  and  may  be  described  as  follows:  The 
epidermis  is  thin- walled  in  all  the  species  enumerated  above, 
with  the  exception  of  C.  guttatum^  in  which  the  outer  cell- 
wall  is  slightly  thickened  ;  root-hairs  are  usually  abundant.  A 
thin-walled  hypoderm  of  one  layer  is,  also,  noticeable,  but  is 
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moderately  thickened  in  C.  guttatum.  The  cortical  parenchyma 
consists  01  from  6  to  8  strata  with  large  deposits  of  starch ;  it 
is  quite  compact,  bat  thin-walled,  except  in  C.  puheacens^  where 
the  cell-walls  are  thickened  and  porose.  Endodermis  is  mostly 
thickened  as  an  U-endodermis  outside  the  leptome,  but  it  is 
otherwise  thin-walled,  and  the  following  deviations  may  be 
mentioned.  In  C.  acaule,  guttatum  and  arietinum  3  to  4 
thick-walled  cells  were  observed  outside  the  leptome,  while  6 
in  C.  Calif ornicum;  in  C.  pvhescens  and  C.  m^ntanum  2  to  4 
cells  were  thickened  like  an  O-endodermis  outside  the  leptome, 
while  in  C.  fascieulatum  the  entire  endodermis  was  found  to 
be  thin-walled  throughout.  The  pericambium  is  only  repre- 
sented by  a  single  continuous  layer  in  all  the  species;  it  is 
thin-walled  except  in  C.  arietinxnn.  The  rays  of  the  hadrome 
are  very  broad  and  meet  in  the  center ;  they  average  from  5  to 
10,  8  to  10  being  the  characteristic  of  C.  montanum  /  a  thick- 
walled  pith  forms  a  small  central  group  in  O,  Calijomicum^ 
but  not  in  the  others.  The  leptome  is  well  developed  in  large 
groups  alternating  with  the  rays  of  the  hadrome. 

None  of  the  roots  were  found  to  be  contractile,  and  hyphse 
were  noticed  in  :  C.  puhescens  (epidermis,  hypoderm  and  cor- 
tex), C.  fascieulatum,  (cortex)  and  C,  guttatum,  (endodermis 
and  pericambium). 

Epipactis  gigantea  Dougl. 

Epidermis,  hypoderm  and  cortex  are  all  thin-walled,  and 
much  starch  is  deposited  in  the  cortical  parenchyma.  The 
endodermis  is  thin-walled  throughout  with  the  Casparyan  spots 
plainly  visible  and  with  contents  of  starch ;  the  pericambmm 
forms  a  closed  ring  around  the  leptome  and  hadrome ;  it  con- 
sists of  only  one  layer,  the  cells  of  which  are  prominently 
thickened  outside  the  leptome,  but  otherwise  thin-walled.  Five 
broad  rays  of  hadrome  extend  to  the  center  of  the  cylinder  and 
alternate  with  large,  roundish  groups  of  leptome.  Xo  hyphse 
were  observed. 

Xdstera  cordata  R.  Br.  and  X.  australis  Lindl. 

The  structure  of  the  roots  of  these  two  species  is  almost 
identical,  and  the  difference  depends  merely  upon  the  relative 
development  of  hairs,  which  are  very  numerous  and  long  in 
the  former  species,  but  quite  scarce  in  the  latter;  moreover, 
the  leptome  constitutes  groups  of  quite  large  dimensions  in 
X.  cordata^  but  not  in  the  other  species ;  otherwise  the  struc- 
ture is  identical.  Epidermis  and  liypoderm  are  thin-walled, 
and  the  cortex  which  occupies  the  greater  portion  of  the  root 
is  composed  of  about  5  layers,  the  cells  of  which  are  very  large, 
thin-walled  and  filled  with  starch ;  the  intercellular  spaces  are 
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Darrow.  Endodermis  is  moderately  thickened  all  around,  while 
the  pericambinm  is  thin-walled  and  continuous  in  Z.  oordata. 
Five  narrow  rays  of  hadrome  meet  in  the  center  with  five  rela- 
tively wide  vessels,  and  alternate  with  roundish  groups  of  lep- 
tome ;  the  conjunctive  tissue  is  thin-walled  and  is  only  to  be 
observed  between  the  vessels,  but  not  in  the  center  of  the  cyl- 
inder. Hyphse  were  observed  in  epidermis,  hypoderm  and 
cortex  of  L,  cordata^  but  not  in  L.  australis. 

Pogonia   ophioglossoides   Niitt.,    P,   verticillata  Nutt.    and   P. 

divaricata  R.  Br.* 

Epidermis  is  thin-walled  and  densely  covered  with  hairs  in 
P.  ophioglossoides  and  divaricata^  but  less  so  in  the  third 
species.  The  hypoderm  is  thin-walled  in  P,  ophioglossaides^ 
Slightly  thickened  in  the  others.  The  cortex  is  composed  of 
6  to  9  layers  of  thin-walled  cells ;  it  is  quite  open  in  P.  ophio- 
glossoides^  but  very  compact  in  the  other  species.  Starch  was 
only  found  in  P.  divaricata.  Endodermis  is  thin- walled 
throughout  in  P.  ophiogJossoides  and  P,  divaricata^  but  in 
P,  verticillata  there  is  one  thick-walled  cell  outside  each  group 
of  leptome.  The  thin-walled  pericambinm  is  continuous  in 
P,  ophioglossoides^  but  is  irregularly  interrupted  by  the  proto- 
hadrome  vessels  in  the  two  otlier  species.  The  leptome  repre- 
sents quite  large  and  roundish  groups  alternating  with  narrow 
rays  of  hadrome ;  5  rays  were  obsei-ved  in  P,  ophioglosaoides^ 
6  in  P,  divaricata  and  8  in  the  third  species ;  the  hadrome 
extends  to  the  center  of  the  cylinder  in  P.  ophioglossoides^  but 
not  in  the  other  species.  Hyphse  were  found  in  the  hypoderm 
and  cortex  of  all  three  species. 

Calopogon  pulchellua  R.  Br.,  C,  mitltiflonis  Lindl.  and  C  parvi- 

florus  Lindl. 

The  root-structure  is  very  uniform  in  these  species  and 
resembles  that  of  Pogonia^  especially  P.  ophioglossoides.  Epi- 
dermis and  hypoderm  are  thin-walled  in  all  tnree  species,  and 
the  cortex,  which,  also,  is  thin-walled,  consists  of  about  8  layers 
with  narrow  intercellular  spaces ;  no  starch  was  observed  in  the 
cortex.  The  endodermis  is  thin- walled  throughout,  with  the 
spots  plainly  visible.  In  the  central-cylinder  we  find  a  thin- 
walled  pericambium  in  the  two  first  species,  but  one  moderately 
thickened  in  C.  parvijloi'us  ;  it  is  continuous  in  O.ptdcheUuSj 
but  we  were  unable  to  trace  the  exact  location  oi  the  proto- 
hadrome  vessels  in  the  other  species,  whether  these  had  broken 
through  the  pericambium  or  not.  Five,  and  quite  broad,  hadro- 
matic  rays  were  observed  in  C,  pulchellus  and  C.  parviflorus^ 
but  only  three  in  C.  tnultiflorus ;  the  innermost  vessels  are 
relatively  wide  and  border  on  a  small,  but  very  distinct,  cen- 

*  Compare  this  Journal,  vol.  ix,  1900,  p.  13. 
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tral  facroup  of  slightly  thickened  parenchyma.  The  leptome 
occurs  as  small,  roundish  groups  in  transverse  section.  Hyphae 
were  found  in  the  cortex  of  C,  multijlorvs  and  C,  pvlcneUu%^ 
but  none  in  the  third  species. 

In  the  following  genera  of  this  same  type  the  roots  are  quite 
slender,  but  possess  in  contradistinction  to  those  described  in 
the  preceding,  a  well  developed  central  parenchyma,  which 
evidently  represents  a  true  pitn,  homologous  with  the  pith  of 
the  stem. 

Ilahenaria  repens  Nutt. 

This  species  is  a  native  of  very  damp  places,  and  when  grow; 
ing  in  water  the  very  long  roots  produce  root-shoots.  A  thin- 
walled  epidermis  with  few  hairs  and  a  hypoderm  surround  a 
cortex  of  about  20  layere  of  thin-walled  cells,  of  which  the 
outermost  4  constitute  a  compact  and  persisting  tissue,  while 
the  interior  16  are  traversed  by  numerous  lacunes  from  the 
very  wide  intercellular  spaces ;  only  a  little  starch,  but  many 
bundles  of  raphides  were  observed  in  the  cortex,  besides 
hyphse  in  the  peripheral  strata.  The  cortical  parenchyma  is, 
thus,  very  open,  and  in  several  roots,  in  the  entire  length  of 
these,  a  well  defined  duct  was  furthermore  observed,  sur- 
rounded by  a  sheath  of  very  small,  thin-walled  cells;  neither 
liquid  or  solid  contents  were  observed  in  this  duct,  and  its  func- 
tion may  evidently  be  for  osmotic  exchange  of  gases. 

The  endodermis  and  the  continuous  pericambium  are  both 
thin-walled.  In  regard  to  the  hadrome  and  leptome,  the  former 
does  not  occur  in  rays,  but  merely  as  small  groups,  from  6  to 
15,  each  consisting  of  a  few,  2  to  5,  mostly  wide  vessels,  which 
to  a  more  or  less  extent  alternate  with  the  equally  small  groups 
of  leptome.  The  arrangement  of  the  hadrome  in  proportion 
to  the  leptome  is  somewhat  irregular,  and  we  observed  several 
cases  vvnere  the  leptome  was  really  located  in  front  of  the 
hadrome,  thus  imitating  the  radial  position  of  these  same  ele- 
ments in  the  stem  ;  in  other  cases  the  vessels  were  on  each  side 
surrounded  by  a  group  of  leptome  with  the  two  proto-leptome 
cells  very  distinct  (fig.  1),  as  in  mestonie-bundles  of  the  hadro- 
centric  type,  and  this  position  was  frequently  ol)served  in 
77.  repens.  The  larger  portion  of  the  central  cylinder  consists 
of  a  tnin-walled  pith  with  deposits  of  starch. 

Arethusa  bidbosa  L. 

The  epidermis  is  thin-w^alled  and  densely  covered  with  long 
hairs ;  tnere  is,  also,  an  hypoderm,  but  not  easily  distinguish- 
able from  the  cortex.  The  latter  consists  of  about  6  compact 
layers  with  many  hyphse,  but  without  starch.  Endodermis  and 
the  continuous  pericaml)ium  are  both  thin-walled  and  surround 
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6  short,  but  broad  groups  of  ratber  narrow  vessels,  altematiDg 
with  a  corresponding  number  of  small  groups  of  leptome, 
while  a  pith  occupies  tlie  greater  inner  portion  of  tlie  central- 
cjlinder. 

Calypso  borealis  Salisb. 

The  structure  of  the  root  is  almost  identical  with  that  of  the 
preceding,  and  the  only  differences  observed  were  as  follows : 
the  hypoderin  is  very  distinct  and  the  cell-walls  are  slightly 
thickened ;  the  cortical  parenchyma  is  a  little  broader  and 
quite  open,  the  intercellular  spaces  being  relatively  wide ;  the 
hadrome  occurs  only  as  small,  3  to  6,  groups  of  vessels,  alter- 
nating with  the  leptome  and  separated  from  the  center  by  a 
large  mass  of  thin-walled  pith. 

Ooodyera  pubescens  R.  Br.,  repefis  R.  Br.,  Mefiziesii  Liudl.  and 

tesselatum  Lodd. 

In  respect  to  the  root-structure  these  species  resemble  each 
other  very  much,  and  we  find  in  these  the  same  delicate  struc- 
ture of  the  various  tissues,  as  described  above  as  characteristic 
of  Arethusa  and  Calypso.  The  roots  are  very  hairy,  the 
epidermis,  the  hypoderm,  the  cortex,  the  endodermis  and  the 
continuous  pericambium  are  all  thin-walled  ;  of  these,  the  cortex 
consists  of  about  6  layers  in  G,  repens  and  tesselatum^  of  8  in 
6r.  pvhescens^  and  of  about  12  in  G,  Menziesii;  it  is  quite 
compact  in  all  the  species  except  in  G,  tesselatum^  in  which 
the  intercellular  spaces  are  much  wider  than  in  the  other 
species.  The  hadrome  and  leptome  constitute  small  groups, 
when  viewed  in  transverse  sections,  the  former  with  4  to  8 
vessels  in  each  group,  widely  separated  from  the  center  of  the 
cylinder  by  a  large,  starch-bearing  and  thin-walled  pith.  The 
number  of  hadromatic  groups  is  somewhat  variable  within  the 
species  examined  ;  thus  4  were  observed  to  be  characteristic  of 
G,  repens^  5  of  G.  tesselatum  and  6  of  the  other  species.  No 
hyphae  were  found  in  the  internal  tissues  of  G.  repens  or  G. 
tesselatum^  but  in  the  cortex  of  the  others. 

Chlora^a  Austinm  Gray.* 

Although  the  roots  of  this  plant  are  relatively  strong,  much 
more  so  than  in  any  of  the  other  Orchidece  described  above, 
the  structure  does  not  reveal  any  very  pronounced  mechanical 

♦  The  statement  by  Mr.  MacDougal  (BuH.  Torrey  Club  26  :  528,  1899)  that 
^'  this  plant  ie  to  be  added  to  the  list  of  chlorophylless  plants  famished  with 
stomattt^'  is  not  correct,  since  we  have  observed  the  presence  of  chlorophyll- 
grains  in  the  ovary  :  the  goard-cells  of  the  stomata  as  weU  as  the  adjoining 
epidermis-ceUs  are  well  supplied  with  chlorophyll.  The  description  and  the 
filgures  furnished  by  this  author  (1.  c.)  are  altogether  very  inexact. 
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eqnipment.  The  only  tissaes  which  exhibit  some  thickening 
are  the  endodermis  and  the  large,  central  parenchyma;  oi 
these  the  former  is,  however,  only  thick-walled  just  outside  the 
leptome,  and  only  moderately  so.  The  pith  is  not  thickened 
very  mach  either,  but  it  occupies  such  a  prominent  part,  that 
it  necessarily  contributes  a  great  deal  to  the  toughness  of  the 
root.  But  the  other  tissues  are  thin-walled,  and  the  cortex  is 
composed  of  16  compact  layers,  densely  filled  with  starch  and 
some  hyphsB.  The  pericarabium  is  continuous  and  surrounds 
6  broad  rays  of  hadrome  with  rather  narrow  vessels,  arranged 
very  regularly  in  alternation  with  the  large  groups  of  lep- 
tome, and  border  on  the  very  prominent,  central  pitli. 

Aplectrum  hyemale  Nutt. 

The  densely  hairy  epidermis,  the  liypoderm  and  cortex  are 
all  thin-walled,  and  the  last  of  these  consists  of  about  9  layers 
with  narrow  intercellular  spaces ;  no  starch  or  hyphse  were 
observed,  but  bundles  of  raphides.  The  endodermis  and  the 
continuous  pericambium  are,  also,  thin-walled  and  surround  9 
broad  rays  of  hadrome,  alternating  with  large,  roundish  groups 
of  leptome  with  a  central  mass  of  thin-walled  pith. 

Liparis  Ulii folia  Rich. 

The  very  slender  roots  show  a  very  feeble  structure  since  all 
the  tissues  from  epidermis  to  pith  are  of  a  very  delicate  tex- 
ture. The  epidermis  bears  many  long  hairs ;  the  hypoderm  is 
well  differentiated  from  epidermis  and  cortex  by  the  cells 
being  somewhat  stretched  radially  and  almost  regularly  penta- 
gonal. The  cortex  consists  of  about  8  layers  and  contains  a 
few  hyphae,  but  no  starch ;  it  seems  characteristic  of  certain 
species  of  the  genus  that  some  of  the  cells  of  the  cortex  exhibit 
tne  same  spiral  thickening  of  the  wall  as  is  well  known  from 
the  roots  of  epiphytic  genera,  a  fact  that  has  already  been 
mentioned  by  irmisch.*  The  endodermis  is  very  thin-walled 
and  shows  the  spots  very  plainly ;  the  pericaiiibium  is  continuous 
and  surrounds  12  small  groups  of  hadrome,  each  with  a  few 
vessels,  and  a  corresponding  number  of  small  groups  of  leptome, 
while  a  large  pith  occupies  the  inner  portion  of  the  central- 
cylinder. 

Tipularia  discolor  Nutt. 

As  stated  above,  the  roots  of  this  plant  show  the  remarkable 
structure  of  possessing  a  velamen  of  3  to  4  layers  inside  a  thin- 
walled,  very  hairy  epidermis.  However  this  velamen  differs 
from  that  of  the  epiphytic  Orchidece  by  lacking  the  character- 

*  BeitrKge  zur  Biologie  and  Morphologie  der  Orcliideen,  Leipzig,  1858,  p.  34. 
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istic  spiral  or  simply  striate  thickening  of  the  cell- walls ;  other- 
wise the  structure  is  identical.  There,  is,  furthermore,  an 
exodermis  of  exactly  the  same  structure  as  we  know  from  the 
epiphytic  genera.  The  cortical  parenchyma  is  thin-walled  and 
consists  of  about  8  layers  of  roundish  cells  with  narrow  inter- 
cellular spaces ;  many  hyphae,  but  no  starch,  was  observed  in 
this  tissue.  The  endodermis  and  the  continuous  perieambium 
are  both  thin-walled  and  surround  5  short  rays  of  hadrome, 
alternating  with  5  small  groups  of  leptome;  a  pith  occupies 
the  inner  portion  of  the  central-cylinder. 

Bletia  verecxinda  Sw. 

In  several  respects  the  root-structure  of  Bletia  agrees  with 
that  of  Ttpularia^  but  some,  and  indeed  quite  important, 
deviations  were  noticed.  These  consist  in  the  more  typical 
development  of  velamen,  the  cell-walls  of  which  exhibit  the 
characteristic  tine  and  spiral  thickening  peculiar  to  this  tissue; 
moreover  by  the  presence  of  a  double  perieambium,  which  is 
moderately  thickened  and  to  the  same  extent  as  the  hadrome, 
thus  the  position  of  the  proto-hadrome  vessels  in  proportion  to 
the  perieambium  could  not  be  made  out  satisfactorily.  The 
hadrome  forms  8  short  and  broad  rays  alternating  with  large, 
roundish  groups  of  leptome,  inside  of  which  there  is  a  large, 
thin-walled  pith  with  intercellular  spaces  of  quite  considerable 
width. 

These  roots,  described  above,  belong  to  the  first  type,  all 
being  relatively  slender  and  possessing  only  one,  central-cylin- 
der. In  several  respects  they  agree  with  the  second  type,  in 
which,  however,  the  dimensions  of  the  roots  have  increased  to 
such  an  extent  as  to  deserve  the  term  "  tuberous  "  on  account 
of  the  much  broader  zones  of  the  cortex  and  pith,  besides  by 
the  larger  number  of  rays  or  better  ''groups"  of  hadrome  and 
leptome. 

Type  B. 

Spiranthes  gracilis  Big.,  S.  simplex  Gray,  S,  proicox  Wats.,  S, 
Momanzoffiana  Cham.,  S.  cernua  fiich.,  S.  cinnabarina 
Hemsl.  and  S,  Asagroei  Schaff. 

Even  when  the  roots  are  quite  numerous,  as  in  the  last  two 
species,  they,  nevertheless,  retain  the  same  swollen  aspect  as 
when  they  are  but  few  in  number  or  single,  as  in  S.  simplex. 
The  internal  structure  is,  also,  very  uniform  in  these  species, 
and  not  very  dififerent  from  those  described  above,  but  per- 
taining to  other  genera. 

Common  to  these  species  of  SpirantTies  is  a  thin-walled  epi- 
dermis with  many  hairs,  besides  a  hypoderm  of  one  layer,  tue 
cells  of  which  are  smaller  than  those  of  the  adjoining  cortex. 
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And  as  already  described  bjr  Irmisch  (1.  c.)  as  characteristic  of 
the  European  8,  autumnalte  Rich.,  the  cells  of  epidermis  show 
the  same  spiral  thickening  as  we  find  in  the  velamen  of  the 
epiphytic  genera,  besides  that  a  similar  thickening  of  the  cell- 
wall  is,  also,  to  be  observed  in  the  hypoderm  of  S.  cinnabarina 
and  Asagrm.  The  cortex  is  thin-walled  and  the  cells  of  the 
innermost  layers  are  very  often  stretched  radially;  the  number 
of  layers  varies  somewhat,  but  is  usually  about  15,  and  the 
contents  consist  mainly  of  starch,  except  in  the  last  two 
species,  where  only  hyphse  were  observed  ;  it  seems  altogether 
as  if  the  function  of  these  fleshy  roots  of  Spiranthes  is  to  store 
starch  and  not  water,  although  the  nature  of  the  habitat  might 
suggest  that  water-reservoirs  would  be  needed.  In  S.  simplex 
and  S.  prcecox  no  hyphae  were  observed  in  any  of  the  tissues, 
but  in  the  other  species  the  roots  proved  to  be  real  mycorhizm. 
As  to  the  innermost,  layer  of  the  cortex,  the  endodermis,  this 
seems  to  be  invariably  thin-walled  in  the  species  examined  and 
shows  the  Casparyan  spots  very  plainly.  The  pericambium  is 
represented  by  only  one  layer ;  it  is  very  irregularly  interrupted 
by  the  proto-hadrome  vessels  in  8.  gracilis^  8.  simplex  and  8. 
lioTnanzoffiana^  but  in  certain  roots  of  the  last  species  it 
occurred,  also,  as  a  continuous  ring,  the  proto-hadrome  being 
located  inside.  In  8.  prcecox  the  pericambium  was  found  to 
be  continuous  near  the  base  of  the  root,  but  interrupted  near 
the  apex  of  same.  The  rays  of  the  hadrome,  from  12  to  about 
20,  are  very  short  in  all  the  species  and  contain  but  a  few 
vessels,  alternating  with  similarly  very  small  groups  of  lep- 
tome,  while  the  greater  portion  of  the  central-cylinder  is  occu- 
pied by  a  large  mass  of  tnin -walled  parenchyma,  a  true  pith. 

Type  C. 

The  roots  of  this  type  are  more  or  less  tuberous  and  contain 
several  cylinders  of  leptome  and  hadrome. 

Orchis  spectabilis  L. 

If  we  examine  the  tuberous  root  below  the  hibernating  bud, 
we  notice  the  following  structure.  Epidermis  is  thin-walled 
and  there  are  many  root-hairs.  Underneath  the  epidermis  is  a 
thin-walled  cortex  of  about  8  layers  containing  starch  and 
hyphfe,  and  which  borders  on  2  mestome-cylinders  separated 
from  each  other  by  a  few  layers  of  parenchyma,  which  shows 
the  same  structure  and  contents  (starch)  as  the  peripheral  cor- 
tex. Each  mestome-cylinder  is  surrounded  by  a  thin-walled 
endodermis,  inside  of  which  is  a  pericambium,  whicli  is  broken 
by  the  proto-hadrome  vessels  in  several  places.  The  hadrome 
constitutes  about  12  irregular  and  very  short  rays,  which  alter- 
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nate  with  a  corresponding  number  of  leptomatic  i^roupe,  while 
a  broad  pith  occupies  the  inner  portion  of  the  cj'Bnder. 

The  same  structure  is  to  be  observed  in  tlie  slender  roots  of 
the  same  rhizome,  with  the  only  exception  that  these  contain 
only  one,  central  mestome-cylinder,  the  elements  of  which 
correspond  well  with  those  of  the  tuberous  root,  there  being 
about  15  short,  hadromatic  rays  and  small  groups  of  leptome 
surrounding  a  large,  central  pith. 

Platanthera, 

In  North  America  the  genus  is  exceedingly  well  represented, 
and  occurs  with  several  very  distinct  types,  distinct  not  only 
in  respect  to  their  flowers,  but  also  in  regard  to  their  vegetative 
-organs.  The  slender,  creeping  rhizome  of  P.  rotundifoUa 
Lindl.  is  provided  with  several  slender  roots,  the  structure  of 
which  is  so  near  that  of  P.  ohtueata  Lindl.,  that  they  may  be 
treated  together.  But  in  all  the  other  species  of  the  genus 
examined,  the  roots,  especially  the  one  beneath  the  hibernating 
bud,  are  more  or  less  tul)erou8,  and  exhibit  a  structure  that  is 
nearly  identical  with  that  of  the  other  secondary,  but  more 
slender,  roots  of  the  same  rhizome. 

P,  rotundifoUa  Lindl.  and  P.  ohtuaata  Lindl. 

Characteristic  of  the  roots  of  these  species  is  the  sparingly 
hairy  epidermis  and  the  lack  of  anj  well  defined  bypoderm. 
The  cortex  is  thin-walled  in  both,  quite  compact  in  P.  obtuscUa^ 
but  rather  open  and  not  so  broad  in  the  other.  Large  deposits 
of  starch  besides  hyphse  were  noticed  in  P,  ohtueataj  but  only 
hyphse  in  P,  rotunmfolia.  Two  mestome-cylinders  of  equal 
diameter  are  imbedded  in  the  cortex  near  the  center  of  the 
root  in  P.  obtusaia^  while  there  are  two  large  and  one  much 
smaller  in  the  other.  These  mestome-cylinders  are,  thus, 
separated  from  each  other  by  some  strata  of  parenchyma, 
which  may  be  properly  defined  as  pertaining  to  the  cortex, 
with  which  it  agrees  in  regard  to  structure.  Each  of  these 
mestome-cylinders  has  a  thin-walled  endodermis  and  jpericam- 
bium,  the  latter  being  continuous  in  P,  ohtueata.  The  rays 
of  hadrome  (3  in  jP.  ohtusata^  1  to  5  in  P.  rotundifolia)  are 
very  short  and  consist  of  but  a  few  vessels,  which,  together 
with  small  groups  of  leptome,  border  inward  on  a  thin-walied 
pith,  which  is  very  prominent  in  P.  rotundifolia^  but  rather 
inconspicuous  in  the  other  species. 

P.  orbiculata  (Torr.)  and  P,  Hookerii  (Torn). 

Habitually  these  species  are  very  much  alike  and  very  dis- 
tinct from  the  other  Xorth  American  species  of  the  genus; 
their  root-structure  is   somewhat   different.     This  difference, 
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owever,  depends  merely  upon  the  number  and  relative  size  of 
he  mestome-cjliDders,  there  beiug  4,  2  lai'ge  and  2  small,  in 
^.  arbtctdataj  bnt  8,  and  all  very  small,  in  the  other.  Besides 
bis  variation  as  to  size,  their  arrangement  is,  also,  quite  dis- 
inct,  since  they  ai'e  located  in  one  ring  in  P.  orbiomata^  but 
Q  two  in  the  other  species.  Otherwise  the  structure  is  identi- 
al ;  the  epidermis,  hypoderm,  cortex,  endodermis  and  pericam- 
►ium  are  all  thin-walled,  and  deposits  of  starch  besides  raphides 
rare  observed  in  the  cortex  of  jP.  arbiculata^  hyphae,  on  the 
ther  hand,  in  P,  Hookerii,  Moreover  there  are  noticed  16 
hort  rays  of  hadrome  in  the  large  cylinders  of  P.  orbiculata^ 
»Tit  only  5  in  those  of  P.  IiookeriL  A  central  pith  was 
bserved  in  each  of  these  mestome-cylinders  and  of  both 
pecies. 

The  more  slender  roots  show  the  same  structure  as  the 
aberous,  described  above,  but  they  contain  a  correspondingly 
mall  number  of  mestome-cylinders,  viz :  3  to  4  in  P.  Ilookerii^ 
nd  only  2  in  P.  orbiculaPt, 

In  the  remaining  species  of  Plaianihera^  which  we  have 
xainined:  P.  dilatata  (Gray),  hyperbarea  (Lindl.),  ciliaria 
R.  Br.),  mychodes  (Gray),  cristata  (R.  Br.)  and  iridentata 
Hook.),  the  roots  show  an  almost  identical  structure,  since  the 
principal  diflference  observable  mainly  consists  in  their  relative 
ize,  their  length,  thickness  and  corresponding  number  of 
nestome-cylinders,  characters  of  no  great  importance  when  we 
>ear  in  mind  the  fact,  tliat  the  tuberous  development  of  such 
oots  is  extremely  variable  and  often  depending  upon  certain 
onditions  of  the  substrate  or  upon  the  individual  strength  of 
he  specimen. 

In  beginning  with  the  tuberous  roots,  the  epidermis  is  quite 
lairy  in  some  species,  but  merely  papillose  in  others,  for 
nstance  P,  ciliaris  and  P,  psychoaexH ;  this  covering  with 
lairs  is  especially  well  marked  in  specimens  from  Sphaynujn- 
•ogs.  A  nypoderm  of  a  single  layer  is  generally  present,  but 
eems  to  lack  P,  dilatatit.  The  cortex  is  always  tliin-walled 
nd  contams  starch,  but  the  number  of  layers  is  very  variable 
ven  in  specimens  of  the  same  species ;  liyplia?  were  observed 
tt  all  the  species  except  P,  cUlaris, 

The  innermost  portion  of  the  root  is  occupied  by  a  large 
•arenchymatic  tissue,  which,  also,  contains  starch  and  which  is 
lardly  to  be  distinguished  from  the  cortex ;  sphaerocrystals 
rere  observed  in  great  abundance  in  P.  cilmris  and  cristata, 
^he  mestome-cylinders  occur,  sometimes,  in  several  more  or 
36S  concentric  rings,  but  are  mostly  somewhat  irregularly 
mattered,  especially  when  their  number  is  very  large,  as  in  the 
hickest  roots  of  P,  ciliaris.  Their  number  and  relative 
evelopment  is  variable,  but  they  contain  usually  from  1  to  5 
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rays  of  hadroine  with  a  corresponding  number  of   leptorae- 

f  roups  (fig.  4).  The  endodermis  and  pericarabium  (End.  and 
^  in  fig.  4)  are  constantly  thin-walled,  and  the  latter  was 
found  to  be  continuous  in  some,  but  interrupted  in  others  of 
these  small  mestome-cylinders  within  the  same  tuberous  root. 
A  very  small,  central  pith  was  observed  in  P,  ciliaris  and 
cristata^  but  not  in  the  others. 

If  we  compare  this  structure  of  the  tuberous  with  the 
slender  roots  of  these  game  species,  there  seems  to  be  no  other 
difference  than  there  being  a  much  smaller  number  of  mestome- 
cylinders  in  the  latter. 

Of  the  three  types  of  roots  observable  in  our  terrestrial 
Orchidece,  the  third  category  emphasizes  those  in  which  several 
mestome-cylindei's  are  present  instead  of  but  one,  and  this 
peculiarity  may  be  briefly  described  in  connection  with  the 
anatomical  data,  mentioned  above.  The  fact  that  these  tuber- 
ous roots  contain  several,  isolated  cylinders  provided  with  a 
special  endodermis  and  pericambium,  has  given  rise  to  various 
views  regarding  their  moi*phological  identity :  whether  the 
*' tubers,"  as  they  are  frenuently  called,  might  represent 
1)  the  basal,  swollen  part  oi  the  bud-axis,  2)  a  single  root, 
3)  a  concrescence  of  several  roots  or  4)  a  concrescence  of  a 
stem-portion  with  leaves  and  roots.  Of  these  th6  most  gen- 
erally accepted  theory  is  the  one  which  explains  the  origin  of 
the  tuber  as  being  a  concrescence  of  several  roots,  very  ably 
discussed  by  Van  Tieghem  and  others. 

But  the  definition  tending  to  explain  the  tuber  as  being  the 
result  of  a  concrescence  of  a  stem -portion  with  leaves  and 
roots,  as  proposed  by  Germain  de  St.  Pierre,*  has  not  been 
approved  by  others.  Nevertheless,  as  will  be  shown  in  the 
following  pages,  this  definition  does  not  only  seem  to  \>e  well 
founded,  but  is,  indeed,  the  only  conceivable  one,  as  far  as 
concerns  the  tuberous  body  beneath  the  hibernating  bud  in 
North  American  Oph7*yd€(jB ;  we  may  illustrate  this  by  the 
rhizome  of  Platantkera  dilatata  (fig.  2).  The  rhizome  of 
this  species  is  relatively  slender  and  the  hibernating  bud  is 
prominently  removed  from  the  mother  shoot  by  the  descend- 
ing stolon  (St,  in  fig.  2) ;  the  bud  itself  (J)  appears  as  if  it 
were  lateral,  since  the  stolon  gradually  passes  over  into  the 
long,  tuberous  body  {r)  underneath  the  bud,  the  so-called 
"  tuber  "  of  most  authors.  The  bud,  however,  is  terminal  and 
its  apparently  lateral  position  is  due  to  the  grovrth  of  the 
stolon,  the  direction  of  which  is  neither  horizontal  nor  vertical, 
but  simply  descending.  As  may  be  seen  from  the  figure  the 
basal  region  of  the  bud  with  its  rudimentary  leaves  and  young 
roots  is  located  on  the  upper,  the  dorsal,  face  of  the  stolon, 

*  BuU.  Soc.  Bot.  de  France,  vol.  2,  p.  659,  1855. 
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between  the  lines  4  and  10.  Underneath  or  better  "  behind  " 
the  bud,  as  the  figure  shows,  is  a  cylindrical  body  between  the 
lines  4  and  10,  which  cannot  possibly  be  defined  as  represent- 
ing a  stem  (stolon)  or  a  root  alone,  but  appears  to  l>e  a  con- 
crescence of  both ;  the  result  of  our  anatomical  investigation 
is  in  favor  of  this  explanation. 

In  our  figure  2,  the  dotted  lines  indicate  the  places  where 
the  most  important  sections  have  been  laid,  and  the  general 
structure  of  the  rhizome  m«ty  be  briefly  described  as  follows  : 
At  its  verv  base  ist.)  the  stolon  exhibits  a  structure  like  that 
of  a  typical  rhizome  with  a  distinct  central-cylinder,  surrounded 
bj  an  endodermis,  and  with  all  the  minor  characters  of  a  stem- 
portion.  But  if  we  examine  a  section  of  this  same  stolon 
taken  a  little  further  down,  by  the  line  2  for  instance,  the 
structure  is  somewhat  different,  since  we  obsei-ve  there  two  addi- 
tional, but  very  small,  mestome-cylinders,  which  are  located 
underneath  the  central-cylinder ;  each  of  these  two  mestome- 
CTlinders  possess  an  endodermis  and  a  pericambium  (End.  and 
r.  in  fig.  3)  and  they  represent  two  roots  or  at  least  two 
primordia  of  such.  By  continuing  our  examination  of  the 
same  rhizome,  we  observe  in  section  3  not  less  than  five  small 
mestome-cylinders  besides  the  central,  of  exactly  the  same 
structure  as  the  two  described  above,  and  these  are  very  reg- 
ularly arranged  in  an  arch  which  is  parallel  with  the  lower 
face  of  the  stolon.  At  the  same  time  the  epidermal  structure 
has  become  changed,  thus  the  cells  on  the  lower  face  of  the 
stolon  are  more  or  less  extended  into  papilliae  and  have  attained 
a  darker  color  in  contrast  to  the  epidermis  of  the  upper  face, 
which  has  retained  the  typical  structure  of  a  stem-epidermis. 
In  other  words,  the  stolon  has  started  to  become  dorsiventral 
with  the  development  of  roots  on  its  ventral  face,  accom- 
panied by  the  characteristic  epidermal  structure. 

In  following  the  structure  further  down  to  section  4,  the 
large  cylinder,  formerly  central,  has  become  moved  nearer  the 
dorsal  face  of  the  stolon,  and  the  number  of  small  mestome- 
cylinders  has  increased  to  ten,  arranged  in  two  arches  parallel 
with  and  located  near  the  ventral  face.  Tlie  distinction  in 
regard  to  the  epidermal  structure  is  still  more  pronounced  in 
this  section,  and  the  dorsal  epidermis  occupies  a  zone  that  is 
much  narrower  than  the  ventral.  A  gradual  increase  in  tlie 
number  of  mestome-cylinders  takes  place  further  down,  and 
thirteen  were  noticed  in  the  sections  taken  by  the  lines  5  and 
6 ;  furthermore,  by  6,  the  large  mestome-cylinder  of  the  stolon 
is  not  only  still  nearer  the  dorsal  face  than  we  observed  before, 
but  its  pith  has  become  reduced  quite  considerably  in  width. 
And  in  regard  to  the  bud,  the  outermost  leaf  shows  here  (at  6) 
a  distinct  swelling,  caused  by  a  cavity  at  its  base.     The  broad- 
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est  part  of  the  stolon  (bj  7)  contains  the  bnd,  and  shows, 
besides,  the  thirteen  small  mestome-cylinders,  alrctf^lj  obeerTed 
in  the  section  5,  arranged  in  two  arches  parallel  with  tlie  ven- 
tral face  of  the  stolon,  and  with  the  points  of  the  arches  meet- 
ing near  the  central-cylinder  of  the  bnd-axis.  The  large 
mestome-cylinder  is  still  visible  at  the  line  8  and  a  little  below, 
but  disappears  at  9;  from  here  the  small  cylinders  have 
increased  to  seventeen,  most  of  which  are  arranged  near  the 
periphery  with  a  few  scattered  nearer  the  center.  These  peri- 
pheral mestome-cylinders  are  qaite  small  and  show  the  same 
structure  as  described  above ;  the  interior  are  somewhat  larger, 
but  show,  nevertheless,  an  identical  structure. 

If  we  now  dissect  the  part  of  the  rhizome  located  by  the 
line  11,  we  perceive  the  structure  that  has  been  described  so 
often  as  characteristic  of  the  "  tubers  "  of  Ophrydew  :  a  large 
number  (23  in  this  case)  of  mestome-cylinders,  each  with  a 
special  endodermis  and  pericambium,  and  arranged,  but  not 
very  regularly,  in  two  zones ;  the  distinction  between  the  two 
epidermal  layers  (the  dorsal  and  the  ventral^  has  vanished,  and 
the  brownish,  conical  and  tuberous  body  is  now  covered  all 
around  by  papillse  and  very  short  root-hairs. 

It  would  thus  appear  as  if  at  least  the  upper  portion  of  the 
tuberous  body  of  the  rhizome  of  Platcmttiera  dilatata  and 
the  other  North  American  Ophrydece^  which  we  have  examined, 
is  composed  of  elements  pertaining  to  a  stolon,  a  bud  and 
some  roots,  instead  of  being  simply  a  root,  a  concrescence  of 
several  roots  or  finally  a  swollen  bud-axis.  But  in  offering  our 
support  to  this  explanation,  pronounced  so  many  years  ago  bv 
the  French  botanist,  we  are  well  aware  of  the  dimcnlty  whicli 
confronts  any  investigator  who  deals  with  organs  that  remain 
in  their  primordial  stage  and  which  are  not  known  to  occur 
otherwise,  as  the  supposed  secondary  roots  of  Ophrydem. 

If  we  had  only  succeeded  in  detecting  some  distinctions  in 
the  cortical  parenchyma  of  the  stolon,  when  the  supposed  roots 
make  their  nrst  appearance,  so  as  to  be  enabled  to  discriminate 
between  the  cortex  of  the  stolon  and  that  of  the  roots,  then 
there  would  have  been  more  substantial  proof  in  explaining 
this  organ  as  a  concrescence  of  roots  and  stem.  But  the  only 
distinction  which  we  have  noticed  depends  upon  the  variation 
expressed  in  the  epidermal  structure,  the  constant  dorsiven- 
trality  of  the  stolon  from  the  first  appearance  of  the  secondary 
roots,  and  the  structure  of  the  small  mestome-cylinders  being 
identical  with  more  slender  roots  of  the  same  species.  Of 
course  the  word  "concrescence"  is  somewhat  misapplied  in 
this  particular  instance,  since  these  secondary  roots  have  never 
been  observed  to  be  free,  not  even  at  the  youngest  stage  of  tlie 
stolon  or  of  the  bud.     But  otherwise  our  definition  of  the 
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"tuberous  body"  may  from  a  morphological  viewpoint  be 
justifiable,  when  we  compare  the  rhizome,  and  especially  the 
arrangement  of  the  roots,  with  that  of  other  terrestrial  Orchi- 
de(B  in  which  all  the  roots  are  free,  slender  and  with  only  one 
central-cylinder.  In  Arethusa^  for  instance,  the  disposition 
of  the  roots  is  such  that  if  they  were  united  or  grown  together, 
they  would  exhibit  exactly  the  same  structure  as  we  have 
shown  being  the  characteristic  of  the  lower  portion  of  the 
"tuber"  in  the  Ophrydece.  But  the  habit  of  these  plants  is 
too  distinct  to  allow  us  even  to  imagine  ourselves,  that  such 
union  of  the  roots  in  Arethusa  might  be  possible. 

Summary, 

1.  A  velamen  and  exodermis  is  developed  in  the  terrestrial 
Tipvlaria  discolor  and  Bletia  verecunda, 

2.  Some  cells  of  the  cortical  parenchyma  in  Liparis  liliifolia 
show  the  same  spiral  thickening  as  is  known  from  the  epiphytic 
genera. 

3.  A  similar  spiral  thickening  was  observed  in  the  epidermis 
and  hypoderm  of  several  species  of  Spiranthes, 

4.  The  pericambium  is  composed  of  two  layers  in  Bletia 
verecunda. 

5.  The  pericambium  was  observed  to  be  continuous  in  a 
number  of  species  pertaining  to  diflferent  genera. 

6.  The  pericambium  was  observed  to  be  continuous  or  inter- 
rupted in  the  same  root  of  Orchis^  Pogonia  verticiUata^  vari- 
ous species  of  Spiranthss,  etc. 

7.  SphfiBrocrystals  abound  in  the  inner  parenchyma  of 
several  species  of  Platanthera, 

8.  All  the  roots  of  Epldendreas^  Neottiece  and  Cypripediece 
examined  possess  only  one  central-cylinder. 

9.  A  true  pith  and,  sometimes,  of  quite  considerable  width 
was  observed  in  Tipularia^  Arethusa^  Calypso^  Spiranthes^ 
ChlorcBa^  Goodyera^  Hahenaria^  Apleciruni^  BUtia^  LipaHs^ 
CaZopogon  and  Cypripedium  Calif ornicum, 

10.  The  cortical  parenchyma  is  traversed  by  wide  lacunes 
and  by  a  special  duct  in  Habenaria  repens, 

11.  The  upper  portion  of  the  so-called  "tuber"  of  the 
Ophrydece  examined  consists  of  elements  pertaining  to  a  stolon, 
a  bua  and  some  roots ;  the  lower  part,  on  the  contrary,  of 
roots  alone. 

12.  The  roots  of  our  terrestrial  Orchidem  very  often  repre- 
sent mycorhizWj  but  not  all  the  roots  of  the  same  species,  nor 
of  the  same  specimen. 

Brookland,  D.  C,  May,  1904. 
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EXPLANATION  OF  FIGURES. 

FlQURE  1. — TianHverae  SM^tion  of  the  root  of  Habenaria  Ttp«nt,  showiagm 

part  of  tbe  central-cylinder ;  End.  s  enclod^rmlB ;  P.  =  peticambiniD  ;  P.  L, 

=  proto-lepbime ;  H  =  hodrome.      1 8-D. 

FiQVRE  3. — Fnrt  of  Btolon  witli  bud  and  rooto  of  FUxtanUiera  dilalala, 
magnified,  b  =  apex  of  the  bud  ;  r'  and  r^  =  yuung  roots  ;  r  =  the  tnbennu 
root :  >(.  =  base  of  stolon.  The  dotted  linen  indicate  the  placea  nhera  tbe 
BECtioiiH  liHve  been  laid. 

FIOUBE  3. — TrauBvei-se  aecfion  of  one  of  the  two  small  mestotne-cjlinden 
of  the  Htolou  ;  letters  ss  above,      x  330. 

FIOUBK  4.— TranBverse  Boction  of  a  mesto me- cylinder  from  the  taberoni 
root ;  lettera  as  above,  x  330.  (Figs.  9  and  4  are  both  of  Ptatanthera  dUa- 
tala :  fig.  3  of  a  specimen  from  Vermont,  fig.  4  of  a  speoimeD  from  Mt. 
Elbert  In  Colorado.) 
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Art,  XXVI. — A  Study  of  the  Structure  of  Paleozoic  Coclc- 
roaches^  with  Descripttotis  of  New  Forms  from  the  Coal 
Measures ;  by  E.  H.  Sellards. 

[Continued  from  p.  134.] 

JEtoblattina  coriacea  sp.  nov.     Text-figure  29  ;  and  Plate  I,  Fig- 
ure 1). 

Tegmina  long,  very  slender,  pointed  at  the  apex,  costal  bor- 
der Slightly  arched,  inner  border  full,  very  thick ;  nervation 
obscure.  Subcosta  extending  to  the  apex.  Cubitus  compara- 
tively short,  reaching  only  a  little  beyond  the  middle  oi  the 
wing.  Anal  area  of  medium  extent ;  anal  veins  about  ten  in 
number,  simple  or  forked. 

The  wing  is  of  especial  interest,  because  of  its  coriaceous  tex- 
ture in  which  the  veins  are  almost  obscured.  Only  a  few  ter- 
minal branches  of  the  radius  and  media  can  be  made  out.  The 
branches  of  the  subcosta  are  entirely  obscured.  A  noticeable 
feature  of  the  wing  is  the  sharp  angle  made  by  the  anal  area. 

JFormation  and  Locality. — Upper  Coal  Measures,  Lawrence, 
Kansas.     Type  in  the  LTniversity  of  Kansas  collection. 

JEtoblattina  Hilliana  ?     Plate  I,  Figure  4. 
Scudder,  Bull.  U.  S.  Geol.  Surv.,  No.  124,  1895,  p.  99,  pi.  viii,  fig.  11. 

The  wing  of  Figure  4,  Plate  I,  is  doubtfully  referred  to  E, 
Hilliana,  The  subcostal  area  is  broader  than  in  the  type,  and 
the  media  apparently  is  not  so  sinuous. 

Formation  and  Locality. — Coal  Measures,    blazon   Creek, 

Illinois. 

Spilohlattiim . 

Scudder*  Proc.  Acad.  Nat.  Sci.  of  Philadelphia,  p.  35,  1885  ;  Mem.  Boston 
Soc.  Nat.  Hist.,  vol.  iv,  p.  461,  1890. 

The  geims  Spdohlattina  was  proposed  by  Scudder  to  include 
four  species  of  cockroaches  from  Fairplay,  Colorado.  The 
essential  characters  of  the  genus  are  the  wide  divergence  of 
the  radius  and  media,  and  especially  of  the  media  and  cubitus 
beyond  the  middle  of  the  wing,  and  their  subsequent  conver- 
gence enclosing  an  elongate  or  ovate  area,  the  ''stigma.'' 
Associated  with  these  are  other  well-defined  characters,  as 
the  thin  tegmina  marked  with  light  and  dark  patches,  and  dark 
bands  accompanying  the  veins.  The  relative  distribution  of 
the  veins  and  their  areas  in  this  genus  are  practically  the  same 
a8  in  some  species  of  Etohlattina.  Nevertheless,  the  Spilohlat- 
tina  group  of  species,  with  thin  variegated  front  and  hind  wings, 
is  evidently  a  natural  one,  and  without  doubt  merits  generic 
rank.     The  sterna  of  Spilohlattina  appear  from  some  Kansas 

Am.  Jour.  Sol— Fourth  Sbribs,  Vol.  XYIIl,  No.  IOS.^Septeki^^^^  \^^. 
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specimens  to  have  a  shape  different  from  those  of  Etoblattina^ 
being  pointed  instead  of  rounded  posteriorly.  SpUoblattina 
has  not  been  previously  recognized  in  tlie  Coal  Measores,  the 
type  having  come  from  deiK)8it8  which  are  either  Triassic  or 
Permian,  but  an  examination  of  some  Coal-Measure  forms  from 
new  material  convinces  the  writer  that  the  genus  is  represented 
in  these  formations.  In  describing  the  cocicroaches  from  Rich- 
mond, Ohio,  Professor  Scudder  noted  that  some  of  the  species 
approaclied  closely  to  Spilvblattina^  remarking  that  the  dispo- 
sition of  the  media  and  cubitus  of  Etohlattina  ramosa  is 
"  mucli  after  the  fashion  of  Sjnlobl^ttinay  A  reexamination 
of  Etoblattina  maledicta^  a  closely  related  species,  leads  to  its 
reference  in  the  present  paper  to  Spiloblattlna. 

Spiloblattina  jnaledicta,      Plate  I,  Figures  5,  6,  and  10;  Text- 
iigures  26  and  27. 

Etoblattina  maledicta  Scudder,  BuU.  U.  S.  Geol.  Snrv.,  No.  124,  p.  88,  pL 
6,  figs.  1-3,  1895. 
Eioblattina  benedicta  Scudder,  ibid.,  p.  84,  pi.  5,  figs.  14-15. 

Tegmina  narrow,  two  and  one-half  times  as  long  as  broad, 
costal  border  slightly  arched,  inner  border  nearly  straight; 
tegmina  broadest  at  the  extremity  of  the  anal  area,  apex 
obtuse.  Subcostal  area  narrow,  extending  a  little  beyond  the 
middle  of  the  tegmina;  branches  mostly  simple  and  oblique. 
The  radius  reaches  nearly  to  the  apex.  The  first  branch  is 
given  off  at  about  the  extremity  of  the  basal  third,  sometimes 
as  early  as  the  end  of  the  basal  fourtli,  and  is  usually  twice 
forked.  Three  or  four  other  simple  or  deeply  forked  branches 
pass  to  the  border.  The  media  gives  off  its  first  branch  some- 
what beyond  the  middle.  The  main  vein  and  its  branches  fill 
the  apex.  The  cubitus  varies  in  extent,  either  reaching  well 
on  to  the  apical  margin,  its  greatest  extent  being  obtained  by 
an  outward  curve  near  the  termination,  or,  lacking  the  curve, 
ending  sliort  of  the  apical  margin.  The  fii'st  five  or  six  branches 
are  straight,  mostly  simple,  and  parallel ;  the  others  are  more 
oblique,  not  uniform  in  number,  curved,  and  sometimes  forked. 
The  anal  area  extends  approximately  to  the  end  of  the  basal 
fourth,  is  clearly  marked  off,  and  has  six  or  seven  mostly  simple 
veins.  The  main  veins  of  the  wing  originate  close  together 
somewhat  above  the  middle  of  the  base.  The  veins  diverge  in 
the  central  part,  enclosing  elongate,  light-colored  areas.  The 
tegmina  are  delicate  and  thin,  the  veins  thin,  although  appear- 
ing heavy  in  places  because  of  the  dark-colored  bands  accom- 
panying them.  The  alternate  light  and  dark  areas  give  the 
wing  a  striking  appearance  (Figures  5,  0,  Plate  I).  A  dark 
band  extends  along  the  costal  border  obscuring  the  tips  of  the 
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veins.  Similar  bands  accompany  the  radins,  media,  and  cubitus. 
Light  areas  occar  in  the  interspaces  between  the  main  veins  as 
well  as  between  some  of  the  branches.  Two  conspicuous,  lar^, 
li^ht  spots,  with  irregular  boundaries,  occur  in  the  apical  part 
or  the  wing.  The  agreement  with  tlie  types  of  the  species  from 
Kichmond,  Ohio,  is  very  close.  The  two  light  spots  on  the 
apical  part  of  the  wing  are  not  described  for  the  type,  probably 
because  the  apex  was  not  well  preserved. 

In  the  original  description  of  £.  heiiedieta^  Scudder  expressed 
doubt  as  to  its  specilic  separation  from  E,  tnaUdicta.  The  dif- 
ferences which  seemed  to  distinguish  the  two  forms  were  the 
more  arched  costal  border  of  E,  henedicta^  the  less  extent  of 
the  cubital  area,  and  the  approximation  in  tlie  point  of  origin 
of  the  two  radial  branches.  More  than  forty  tegmina  of  tnis 
species  are  at  hand  for  comparison.  Camera  lucida  sketches 
of  numerous  wings  show  that,  while  those  with  a  short  cubitus 
have,  as  a  rule,  a  more  arched  border,  there  is  an  almost  con- 


26 


27 


Figures  26,  27. — Spifobhttfina  maletUcta  Sc-iulder,  np.;  illustrating  the 
extremes  of  variation  of  the  species ;  x  2.  Fij^iire  27,  typical  wing  with 
extended  cnbitus  ;  Figure  20,  form  with  arched  costal  border  and  short  cubi- 
tus.    Originals  in  University  of  Kansas  Museum. 

tinuous  series  between,  with  no  break  sufficient  to  serve  as  a 
specific  character.  Figures  2^>  and  27  show  the  extreme  limits 
in  the  extent  of  the  cubitus,  the  two  figures  corresponding 
closely  to  the  tyjje  figures  of  the  two  forms.  In  one  the  cubi- 
tus falls  decidedly  short  of  the  ajncal  margin,  w^hile  in  the 
other  it  extends  bv  an  outward  curve  and  more  numerous 
brauches  well  on  to  this  border.  Other  specimens  show 
that  the  cubitus  is  variai)Ie  in  extent,  and  individuals  can  be 
found  presenting  a  condition  so  nearly  intermediate  that  a 
specific  separation  can  hardly  be  sustained  on  this  character. 
The  third  distinction  given,  the  approximation  in  the  point  of 
origin  of  the  first  and  second  radial  branches,  is  not  constant. 
Occasionally  a  wing  is  seen  having  both  a  long  cubitus  and  a 
close  approximation  in  the  point  of  origin  of  the  first  and 
second  radial  branches. 

Hind  Wings. — The  hind  wings  are  thin,  and  ovate  in  shape. 
The  costa  is  submarginal,  straight,  and  simple.     The  subcostal 
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area  is  narrow,  lias  a  few  superior  obliqne  sliort  branches,  and 
extends  to,  or  beyond  the  middle.  Tlie  radius  reaches  nearly 
to  the  apex  and  gives  off  about  three  oblique,  widely  forked, 
or  simple  branches.  The  media  has  four  or  five  superior 
branches  which  fill  the  apex.  The  cubital  area  is  well 
developed,  the  branches  obliqne,  straight,  parallel,  and  mostly 
simple.  The  anal  area  is  supported  by  a  few  simple  radiatinji; 
veins.  Eleven  hind  wings  of  this  species  have  been  obtained, 
one  in  direct  connection  with  the  tegmina.  The  hind  wing  is 
of  even  thinner  texture  than  the  front,  and  is  also  marked  by 
light  and  dark  areas.  A  dark  area  extends  along  the  costal 
border  and  dark  bands  accompany  some  of  the  veins. 

A  few  specimens  preserving  parts  of  the  body,  especially 
the  abdomen,  show  evidence  of  light  and  dark  areas  on  the 
body  and  are,  for  this  reason,  provisionally  referred  to  this 
species  (Figure  22).  The  abdomen  is  rather  slender;  the  edges 
of  the  terga  are  of  moderate  extent.  The  sterna  differ  from 
those  of  Etohlattina^  being  pointed  at  the  posterior  angles. 
Length  of  the  tegmina,  22  to  25"°* ;  width,  8  to  9"".  Ilind 
wiiigs,  10  to  18"^"  long;  8  or  9""'  wide. 

rm^natimi  and  Locality. — Lawrence  Shales,  Upper  Coal 
Measures,  Lawrence,  Kansas. 

GerdbJattina, 
Scudder,  Mem.  Bost.  Soc.  Nat.  Hist.,  vol.  iii.,  p.  97,  1879. 

Oerablattina   arcuata   sp.    nov.     Text-figure    ) ;   and   Figure  7, 
Plate  L 

Tegmina  about  twice  as  long  as  broad,  outer  l)order  strongly 
arched,  the  apex  rounded;  inner  border  nearly  straight,  inter- 
rupted by  the  anal  area.  Subcosta  arched  parallel  to  the  inner 
border,  reaching  three-fourths  the  length  oi  the  wing,  branches 
numerous,  simple,  curved,  thin,  and  parallel.  The  radius  is 
but  slightly  developed,  branches  first  beyond  the  middle  of  the 
wing,  and  falls  a  little  short  of  the  apex.  The  media,  like  the 
radius,  occupies  a  comparatively  small  area,  and  remains  simple 
until  beyond  the  middle  of  the  wing,  its  four  simple,  oblique 
branches  filling  the  apex.  The  cubitus  is  strongly  developed 
and  reaches  almost  to  the  apex.  The  first  five  branches  are 
simple  and  nearly  straight,  the  others  are  more  oblique,  closer, 
and  curved.  The  anal  area  is  well  marked  and  has  about  seven 
simple  veins.     Li  texture  and  general  appearance  this  species 

E resents  considerable  similarity  to  S,  maledictu.  The  tegmina, 
owever,  are  much  more  strongly  arched,  and  the  subcosta  has 
a  greater  development  correlated  with  a  reduction  in  the  radius. 
Length  of  the  tegmina,  24'""^ ;  width,  9"^"^. 

Fonmitixm  and  Locality, — Lawrence  Shales,  Upper  Coal 
Measures,  I^awrence,  Kansas.     Type  in  Kansas  Museum. 


loitA  Descriptions  of  New  Forms. 


317 


ScAizoblaltina  gen.  nov. 

Small  cockroacbeB;  veins  of  tlie  tegmina  iiiimerous,  nmcli 
branched,  and  nnited  in  all  parts  of  the  wing  by  frequent,  com- 
paratively strong,  cropK  veins.  The  main  vein  trunlta  are  free 
almost  or  qnite  to  the  base,  and  show  a  tendency  to  disappear 
by  dichotomy.  Siibt-ostal  area  broad  at  the  base,  strongly 
<leveloped,  with  nnincrouB  nilperior  branches.  Some  of  tlie 
anal  veins  end  on  the  anal  fnrrow. 

Schizt^Uitiintt  in  apijarently  not  <ilosely  related  to  any 
descriljed  gunnn  Ye  rth  >blaitinu  alhiHneata  Sciidder,  a 
small  species  ocenrring  near  lairplay,  Colorado,  resembles  it 
in  itfi  numerous  much  branclici  vehis  united  by  Ktraight,  com- 
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the  peculiaritiec  of  S /i  f/i/(  m,  the  limt  anal  giving  off 
several  braneliLi  wlidi  run  tjward  the  anal  furi-ow.  The 
other  species,  melu  Im^  tl  t  tj  pt  if  Xi:iii-tliiihlidtinii,  have  two 
of  the  main  veins  m  re  or  le>s  <  mpletely  uinHtgittimte<.l.  That 
this  IS  aleo  true  )f  V  iUhI  »(/ is  not  clear  from  the  figure, 
nor  IS  this  point  ^|l.clll  alh  t  ha  tioncd  in  tlie  <1eseription.  It 
is  CMdent  from  the  i>ecnliai  dip-position  of  the  anal  veins,  the 
iX!casional  tr  s  neivuiLp  ai  1  the  prolific  branching  of  the 
veins  tliat  \  iV  hieitt  r>  i  irkeiily  ditfi-rent  from  tlie  other 
specieo  of  the  get  n  i  i  \l  i  h  it  is  at  jireiient  placed,  and  att 
far  an  it  ib  possible  t  pi  ige  fr  1 1  the  ilhijitration  seems  to  fall 
more  natural h  in  S/      llift  ii 

Ihe  geological  a_t  f  the  V  lirphiy  bodn.  fnini  which  ^V. 
rUf/>ftnr'ata  came  in  nir-etlel  the  formation  liaving  been 
referred  both  to  the  Tna-inie  ai  1  to  the  Permian. 


Schtzobtattina  i  tulUner  i 
This  Jonnial   vol   iv   pi   v 


sp   iio\.     Text-figuie  i 
&i,   6   April,  1»(>3. 


Teijmina  small  a  little  more  than  twice  as  long  as  broad. 
Costal  and  inner  borders  both  arched,  sloping  gradually  and 
equally  to  the  apex,  which  ih  placed  about  the  middle  of  the 


218        Sellards — Structure  of  Paleozoic  Voekroaches^ 

wing.  Tegmina  strong,  supported  by  numerous  close  branches 
with  frequent,  comparatively  strong,  cross  veins  in  all  parts  of 
the  wing.  Subcostal  area  broad  at  the  base,  triangular,  extend- 
ing a  little  beyond  the  middle  of  the  wing.  The  branches  are 
numerous,  once  or  twice  forked,  tlie  first  arising  from  near  the 
base  and  the  distal  more  obliaue  than  the  proximal.  The 
radius  is  clearly  distinct  from  tne  subcosta.  The  first  branch 
is  given  off  about  the  end  of  the  basal  fourth  of  tlie  wing  and 
is  two  or  three  times  branched.  The  main  vein  runs  in  a  sinu- 
ous course,  reaching  the  costal  border  a  little  short  of  the  apex, 
giving  off  three  or  four  oblique,  once  or  twice  forked  brancnes. 
The  media  is  close  to,  but  distinct  from,  the  radius.  It  dicho- 
tomizes first  beyond  tlie  first  branch  of  the  radius,  near  the 
end  of  the  basal  fourtli  of  the  wing.  Botli  branches  dichoto- 
mize frequently,  the  numerous  divisions  filling  the  distal  third 
of  the  inner  margin  and  the  apex.  The  cubitus  divides  early. 
The  branches,  dichotomizing  two  or  three  times,  fill  the  middle 
third  of  the  inner  margin.  The  anal  area  is  of  moderate 
extent.  The  first  anal  vein  gives  off  five  superior  branches. 
The  first  and  second  of  these,  arising  close  to  the  base,  are 
once  forked,  the  other  three  being  simple.  The  first  foar  run 
toward  the  anal  furrow,  the  fifth  turns  down  parallel  with  the 
furrow  and  passes  to  the  inner  border.  A  forked  inferior 
branch  is  also  given  off  from  the  first  anal.  The  greater  part 
of  the  area  is  thus  occupied  by  the  first  anal  and  its  branches. 
Three  other  short  curved  veins  can  be  seen  close  to  the  inner 
border.     Length  of  tegmina,  17°°  ;  breadth,  7""". 

Formation  and  Locality, — Lawrence  Shales,  Upper  Coal 
Measures,  Lawrence,  Kansas.     Type  in  the  writer's  collection. 

Archohlattina. 

Megahlattina,   Sellards  (non  Brongniart).  this  Jonmal,  vol.    xv,    p.  312, 
April,  1903. 
ArchobIaftina*y  Sellards.  ibid.,  vol.  xv,  p.  488.  June,  1908. 

Large  cockroaches;  body  bulky,  abdomen  broad  and  fleshy  ; 
pronotum  large,  longer  than  broad,  approaching  a  rectangular 
form,  truncated  or  slightly  emarginate  in  front,  emarginate  at 
the  sides,  broadest  and  rounded  behind  ;  front  and  hind  wings 
large,  overlapping  the  abdomen. 

Archoblattina  Beecheri.     Text-figures  30,  31,  and  32. 

Megablattinn  Beecheri  Sellards,  this  Journal,  vol.  xv,  p.  312,  April,  1903, 
pi.  viii. 

Mylacridaa  sp.?  Scudder,  Bull.  U.  S.  Gaol.  Surv,,  No.  124,  p.  55,  189o. 
1)1.  ii,  fig.  4. 

Blattina  ap.i  ibid.,  p.  142,  pi.  x,  fig.  16. 

Tegmina  large,  about  three  times  as  long  as  broad,  costal 
border  arched  only  very  slightly,  inner  border  nearly  straight. 
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Snbcoeta  curved  parallel  with  tbe  costal  border  and  extending 
two-thirde  the  lenf^  of  the  wing,  giving  off  nuinerouB  simple 
or  compound  branches.  Radius  forked  about  one  centimeter 
from  tbe  base,  and  coneisting  of  a  few  long,  nearlj  parallel 
branches,  which  strike  the  boi-der  near,  but  above,  the  apex. 
The  media  forks  first  near  the  middle  of  the  wing;  the  median 


FiaUB>  80. — ATehoh\aninii  Ren^hrvi.  Sellards  ;  t,>pe  specimen  ,  dorsal  view. 
FiaUBS  31. — The  same ;  pronutniu  nud  wing  purtly  i-^uotiHtmcted, 

Ori^tml  in  Yale  University  Miiseiiin. 

Both  flgnres  ore  natnrnl  sizv, 

area  is  narrow,  consisting  of  a  few  long  veinn  nnining  to  about 
the  apex.  The  cnbitus,  althougli  iinjicrfectlv  preserved  in  the 
specimen  at  hand,  is  evidently  "f  great  extent,  apparently 
reaching  to,  or  beyond,  the  inner  angle  of  the  wing,  and  giving 
off  numerous  inferior  branches.  Tlie  anal  area  is  of  medium 
extent,  strongly  marked  off  by  a  prominent  furrow,  and  con- 
siBts  of  nine  or  ten  simple  or  forked  veins. 


220        Xellardg — iStruetwe  of  PcUeosoic  Cockroaches, 


FtiH'RE  82.  — Rectomtioii  nf  Ai-fhubhitlinn  Btfrhfri  Sellanis;  imtaTalw 


with  Descriptions  of  New  Forms.  221 

The  most  distinctive  character  of  this  genns  of  huge  cock- 
roaches is  the  large,  nearly  rectangular  pronotum,  broadest 
at  the  base,  and  with  sides  and  anterior  border  slightly 
eniarginate.  The  abdomen  is  seen  indistinctly  through  the 
wings ;  it  is  large  and  indicates  a  bulky  body.  The  length 
from  the  front  of  the  pronotum  to  tlie  tip  of  the  wing  is  O*'", 
making  this  probably  tlie  largest  cockroach  known.  The  tips 
only  of  the  hind  wings  are  seen.  Apparently  they  are  of 
about  the  same  extent  as  the  front  wings.  The  large  hind  wing 
from  the  same  locality,  described  as  Bkittina  sp.  by  Scudder, 
is  here  provisionally  referred  to  this  species.  If  this  reference 
is  correct,  the  hind  wings  are  very  broad,  with  mucli  rounded 
inner  border. 

The  half-tone  illustration  accompanying  the  original  descrip- 
tion of  the  species  was  made  from  the  mould  of  the  dorsal 
surface.  The  ligure  given  iiere  is  taken  from  the  counterpart, 
in  w^hich  the  outline  of  the  abdomen  is  more  distinct.  The 
two  pairs  of  wings  considerably  overlap  the  broad  abdomen. 
The  life-size  restoration  is  made  from  the  specimen  figured. 
Tlie  antennae  and  legs  are  reconstructed  from  related  genera. 
The  position  adopted  is  based  upon  an  instantaneous  photo- 
graph taken  for  this  purpose,  of  the  common  oriental  cock- 
roach, while  running.  As  represented  in  the  restoration  the 
first  leg  on  the  left  side  has  just  been  thrown  out  in  front, 
the  second  on  the  right  side  is  in  motion,  while  the  third  on 
the  left  is  just  ready  to  be  drawn  forward.  The  other  set  of 
three  are,  for  the  instant,  supporting  the  weight  of  the  body. 
It  is  not  known  whether  the  tibiae  of  the  genus  are  supplied 
with  spines.  These  features  are,  therefore,  omitted  from  the 
restoration  (Figure  32). 

Formation  and  Loralily, — Coal  Measures,  Mazon  C^reek, 
Illinois.     T^'pe  in  the  Yale  LTniversity  Museum. 

Hind  Wings  not  in  connection  with  Front  Winr/.^f. 

The  difficulties  of  nomenclature  met  with  in  the  systematic 
treatment  of  the  nymphs  of  fossil  cockroaches  are  again 
enconntered  in  dealing  with  such  detached  hind  wings  as  lack 
sufticient  characters  to  identify  them  with  their  respective 
front  wings.  Several  well-marked  types  of  hind  wings,  pre- 
sumably representing  at  least  as  many  species,  have  been 
recognized  in  the  collections  studied,  three  of  which  can  bo 
identified  with  the  front  wings.  The  hind  wings  of  Spiloblat' 
Una  maledicta  have  been  described  above  in  connection  with  the 
tegmina  of  that  species.  Tlie  hind  wing  of  Prirmylacris  rigida 
(l?igure  36)  is  taken  from  the  type  specimen  (No.  38045,  IJ.  S. 
Nat.  Mus.).     It  is  of  special  interest  as  revealing  the  form  and 
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veDation  of  the  bind  wing  of  the  Mylacrid®.  Tlie  wing  is 
narrowed  at  the  base,  the  costal  border  being  nearly  straight  or 
a  little  concave  at  this  point.  The  inner  border  althougn  not 
complete  is  evidently  rounded,  and  the  apex  obtuse.  The 
most  interesting  feature  of  the  wing  is  tlie  position  of  the 
costa,  wiiich  is  some  distance  from  the  margin  and  gives  off  a 
thin  superior  branch.  The  subcosta  is  a  stronger  vein,  but  has 
only  one  offshoot.  The  radius  is  more  developed ;  it  divides 
into  two  nearly  equal  parts  near  the  base,  botli  of  which  are 
compound,  the  ultimate  divisions  supplying  the  border  from 
the  termination  of  tlie  costa  to  the  apex.  The  media  also 
divides  into  two  compound,  nearly  equal  divisions  close  to  tlie 
base,  the  branches  running  to  the  apical  border.  The  cubitus 
gives  off  a  few  inferior  branches  which  curve  regularly  to  the 
border.  Only  a  small  part  of  the  anal  area  is  preserved.  The 
wing  just  described  is  the  left  wing  of  the  specimen.  The 
costa  of  the  right  has  two  thin  superior  branches.  The  radius 
differs  in  the  detail  of  its  branching;  the  first  and  second  off- 
shoots of  the  lower  division  of  the  main  vein  are  united  for  a 
short  distance  at  their  base,  making  a  single  forked  branch 
instead  of  two  simple  branches.  Length  of  the  wing,  24  or 
25""";  breadth,  U  or  12"'". 

Fonnatimi  ami  Locality. — Middle  or  Lower  Coal  Measures, 
Mazon  Creek,  Illinois. 

The  type  of  hind  wing  most  abundant  in  the  Lawrence  Shales 
is  that  illustmted  in  Figure  33.  There  are  nine  specimens  of 
the  species,  all  conforming  closely  to  a  common  type.  The  wings 
are  uniformlv  ovate.  The  inner  border  is  full  and  rounded. 
The  costa  is  straight,  simple,  and  reaches  about  one-fourth  the 
length  of  the  wing.  The  subcostal  area  is,  as  usual,  in  the  hind 
wing,  narrow  and  of  slight  extent.  A  few  thin  superior 
branches  are  given  off  from  the  main  vein  beyond  the  extrem- 
ity of  the  costa.  The  radial  area  reaches  nearly  to  the  apex 
and  has  about  four  forked  branches.  The  median  area  is  large 
and  fills  the  apex.  The  cubitus  has  several  very  oblique,  sim- 
ple, ])arallel  branches.  The  few  anal  veins  are  parallel  and 
usually  simple,  longer  and  more  curved  than  in  iSpUoblattina 
maledicta.  The  wings  are  all  of  a  brownish  color.  The 
species  doubtless  belongs  to  the  genus  Etoblattina^  as  the 
wings  are  of  the  ovate  type,  with  full  inner  borders,  thus  resem- 
bling other  species  of  that  genus.  Length  of  wing,  18  to  20"" ; 
width,  9  to  11""". 

Formation  and  Locality. — Upper  Coal  Measures,  Lawrence, 

Another  species,  the  generic  reference  of  which  is  doubtful, 
is  represented  by  three  specimens.  The  w^ing  is  contracted  at 
the  base  and  has  an  unusually  narrow  attachment.     The  costal 
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border  near  the  base  is  quite  concave,  and  tlic  wing  otiierwise 
ehowB  evidence  of  a  specialized  condition.  The  snbco^tft, 
radius,  and  media  are  united  for  some  distance  from  tlie  baee. 
The  first  to  separate  is  the  media,  which  occupies  a  compara- 
tively narrow  area,  branching  first  abont  tlio  middle  of  the 
wiog,  its  divisions  running  to  the  apex.  The  radius  tlien 
separates  from  the  8n}>co9ta  5  or  6""'  from  the  base,  and  reaches 
almost  to  the  apex.  The  Bnbcj)sta  has  onlv  a  few  thin  supe- 
rior branches,  Tlie  cnbitns  lias  the  typical,  very  oblique, 
mostly  simple  veins.  The  anal  area  is  long  and  has  a  few 
curved,  forked,  and  rather  loosely  placed  veins.  Lengtli,  about 
17™;  width,  »  or  10""".     Figures  34  and  35. 


PiOOBBB  33-86.— Hind  ninge.     Tigan  83,  KM, 
85,  nndeteriQiQed ;  Figure  36.  Fi-ouiylai-ri. 
bU  twice  natnnil' HLze.     OrJ^iualH  of  FifCKi'^x  93  <iiiil 
saa  UnBeam ;  of  Fi^iru  36  in  the  Natioiinl  UuHeuiu, 


ai  ill  Univvreity  of  Kau- 


JFormation  iitid  Lomlifif. — Lawrenre  Shiilcs.  Upper  Coal 
Measures,  Lawrenct;,  Kansas.  Typcfi  in  the  ['nivcrnity  of 
Kansas  collection. 


Griiera!  < 'ona'uhratiiiiix. 

The  eockroaciiett  have  ]iiy>ved  theniselvo-s  «  reiuarkablv  per- 
sistent type.  They  are  known  tu  range  in  time  fr(mi  the 
Middle  Carboniferous  to  the  present,  and  donbtlei^  took  their 
origin  wjniewhat  earlier.  The  Carboniferous  representatives, 
as  described  above,  were  in  many  respects  much  like  their 
modern  descendants.  The  bodv  had,  as  Scudder  has  well  said, 
essentially  the  same  shape.     The  legs  indicate  the  same  habit 
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of  locomotion.  Tlie  prouotuni  was  as  characteristic  a  feature 
of  tbe  Carboniferous  as  of  tlie  recent  cockroaches,  and  formed 
quite  as  secure  a  protection  for  the  small  inflexed  head.  The 
front  wing  had  a  similar  arched  form,  and  tlie  anal  area  was 
as  well  defined.  Nevertheless,  a  closer  inspection  of  the  suc- 
cessive types  reveals  the  fact  tliat  the  grou}>  has  by  no  means 
remained  stationary  throughout  its  long  existence,* but,  like  other 
organisms,  is  subject  to  tlie  laws  of  advance  and  specialization. 
As  will  be  gathered  from  what  has  preceded,  the  most  marked 
changes  from  paleozoic  to  recent  times  have  been  in  the  struc- 
ture of  the  fmmework  of  the  front  and  hind  wings,  as  well  as 
in  the  abdomen  and  the  ovipositors,  and  are  thus  in  accordance 
with  the  general  rule  of  change  from  the  simple  to  the  more 
complex,  or  from  the  generalized  to  the  more  sj^ecialized  condi- 
tion. In  the  front  wings  the  tendency  has  l)een  tow^ard  a 
reduction  of  the  main  veins  by  fusion  of  one  or  more  of  them. 
The  main  veins  of  both  wings  have  approached  more  closely 
to  the  costal  border.  These  changes  have  been  accompanied 
by  a  less  uniform  development  of  the  main  veins  and  their 
branching  systems.  The  hind  wing  has  acquii'ed  a  longitudi- 
nal, and  m  a  few  genera  a  transverse  fold,  and  in  most  genera 
a  fan-like  plaiting  of  the  expanded  anal  area.  Numerous  and 
comparatively  strong  cross  veins,  rare  in  the  front  wings,  and 
unknown  in  the  hind  wings  of  paleozoic  forms,  have  now 
become  very  commonly  developed  in  both  wings.  Not  only 
have  both  wings  departed  more  widely  from  the  primitive 
type,  but  differentiation  between  the  front  and  hind  wings  has 
increased  as  well.*  The  front  wings  have  become,  as'  a  rule, 
more  resistant,  although  there  were  species  in  the  Carbonifer- 
ous with  wings  more  opaque  than  some  of  the  thin-winged 
living  species.  Important  changes  have  occurred  in  the  abdo- 
men. The  terga  and  sterna  have  been  modified,  tending 
toward  a  reduction  in  the  number  of  abdominal  segments. 
The  genital  pouch  has  been  perfected,  and  the  ovipositors  have 
become  reduced  and  adapted  to  perform  a  specialized  function. 
The  division  in  to  coordinate  groups,  based  originally  on  the  dif- 
ferences in  the  venation  of  the  front  wings,  was  strengthened  by 
the  discovery  of  a  well-developed  ovipositor  in  paleozoic  forms. 
More  complete  knowledge  of  the  second  pair  of  wings  brings 
out  additional  distinctive  characters.  In- the  meantime,  forms 
more  or  less  intermediate  are  coming  to  light,  and  it  may  be 
confidently  expected  that  the  late  paleozoic  and  early  mesozoic 
will  in  time  yield  otiier  intermediate  forms.  The  exact  point 
of  disappearance  of  the  Paleoblattida?  and  origin  of  .the  Blat- 
tidte  is  at  present  unknown.  The  geological  age  of  the  Fair- 
play  deposits  in  South  Park,  Colorado,  \vliich  contain  the  latest 
forms  of  the  one  in  association  with  the  earliest  of  the  other, 

* tief  hIm),  Scnddor,  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  iii,  p.  81,  1885. 
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has  not  been  entirely  established.  Lesquei'eux,  on  the  evidence 
of  the  flora,  referred  the  deposits  unhesitatingly  to  the  Permian. 
Scudder,  from  a  study  of  the  insects,  insisted  on  the  Triassic 
age  of  the  beds.  The  plants  were  found  to  represent  several 
characteristic  paleozoic  genera.  The  insects  belonged  to  eight 
genera,  seven  of  which  were  cockroaches.  Three  of  the  cock- 
roach genera  were  otherwise  known  only  in  the  paleozoic,  the 
remaining  genera  were  new  and  at  that  time  peculiar  to  the 
locality.  It  may  not  be  olit  of  place  to  add  in  this  connection 
that  the  range  of-  cockroach  genem,  as  understood  at  the  pres- 
ent time,  is  much  less  contradictory  to  tlie  evidence  drawn 
from  the  plants  than  was  supposed  when  the  paj)ers  in  question 
were  written.  Five  of  these  seven  cockroach  genera  are  now 
known  to  occur  in  the  Coal  Measures  and  Permian,  leaving  only 
two  peculiar  to  the  Fairplay  locality  and  of  Triassic  affinity. 
In  view  of  the  occurrence  jis  low  down  as  the  (-oal  Measures 
of  the  advanced  genus  SchizohhiUina^  described  above,  it 
would  not  be  surprising  to  find  true  Blattidiv  as  early  at 
least  as  the  Permian,  and  should  tlie  fossil  here  tentatively 
identified  as  an  egg  case,  prove  to  be  such,  it  must  be  accepted 
as  evidence  of  the  existence  of  Blattida^  along  with  Paleoblat- 
tidae  as  early  even  as  the  Upper  Coal  Measures.  Of  tlie  Paleo- 
blattidse,  the  Mvlacridae  will  doubtless  be  found  the  older. 
The  broad  pronotum  with  but  slightly  rounded  posterior  bor- 
der, the  greater  distance  of  the  subcosta  from  the  costal  border, 
and  the  presence  of  a  branched  submarginal  costa  in  the  hind 
wing,  all  indicate  the  earlier  position  of  this  tribe.  The  Blat- 
tinariae,  on  the  contrary,  are  mure  divei-sified,  continue  later, 
and  lead  up  to  more  advanced  types. 

In  the  course  of  their  development,  the  cockroaches  afford 
illustration  of  laws  of  evolution  which  mav  be  summarized 
nnder  the  headings:  Specialization  by  reduction;  parallel  evo- 
lution; mechanical  principle  of  evolution;  an<l  recapitulation  of 
ancestral  characters. 

Specialization  hy  Reduction, — The  lung  uvipositur  uf  early 
cockroaches  seems  to  indicate  that  a  well-develu))ed  ovipositor 
is  a  primitive  character  in  the  Orthoptera,  its  reduction  in 
the  modern  Blattida*  being  an  ex])ression,  like  the  peculiar 
egg  case  and  genital  pouch,  of  a  specialized  condition  of  the 
external  genitial  organs.  In  this  res])ect  the  (4ryl]i(he  and 
Locustidte  present,  no  doubt,  a  closer  approximation  to  the 
early  condition  than  do  the  cockroaches,  although  on  the  whole 
the  latter  seem  to  l)e  the  mure  generalized.  The  njure  or  less 
complete  fusion  of  two  or  more  of  the  main  veins  at  their  base 
or  throughout  a  part  of  their  course  appears  tu  be  a  second 
illnstration  of  the  law  of  specialization  by  reduction. 

Parallel  Evolution  in  the  Orthoptera. — The  plication,  so 
constant  a  feature  in  the  hind  wings  of  modern  Orthoptera^  it^.^ 
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an  Scudder  maiDtaiiied,  a  comparatively  recent  actmiaitiou.  It 
is  to  l>e  noted  that  the  plaiting  or,  well  as  tlie  fold  of  the  bind 
wiug  of  cockroacliea  developed  subsequent  to  the  differentia- 
tion of  these  insects  as  a  distiiict  phylum.  A  comparativelv 
hroad  anal  ex]mtiee  was,  however,  coniinon  to  the  early  Orthop- 
tera,  but  the  plaiting  iteelf  ha^  originated  independently  lu 
iriore  than  one  division  of  the  order.  The  same  is  true  of 
ei'oss  veins.  It  is  probable  that  at  the  time  cockroaches  were 
differentiated,  well-marked  ci-oss  veins  were  entirely  lacking. 
Now,  on  the  contrary,  cross  veins  are  nnmerous  and  not 
unlike  those  of  other  Orthoptera. 

Mechanical  Pri)iv'j>le.— -The  plications  are  doubtless  devel- 
oped largely  in  response  to  mechanical  need.  Mechanical 
principles  seem  also  to  have  had  an  influence  in  developing 
cross  veins."  The  interchange  of  the  circulating  fluids  of  the 
wing,  tending  to  follow  within  established  paths,  probably  also 
influenced  the  development  of  cross  veins. 


FlUUBB    l.—Orrahlatlinn    arcitaln    SellardH ;     illnatrating   veoation   of    a 
■  "    '      iferona  adult  cooknwch  wii^. 

■WinKof  a  recent  nymph;  showing  venation.    ( After  Fftckkrd.) 


typical  Carboniferous  adult  cockroach  wii^. 


Recapitulation  of  Aiioesti'td  C/iarafiert. — The  recurrence 
during  the  ontogeny  of  the  individual  of  characteristics  fouud 
in  the  adult  condition  of  earlier  representatives  of  the  pbylnin 
is  familiar  to  the  student  of  any  group.  The  insects  are  not 
an  cxce))tion  to  the  general  rule.  In  the  accompanying  tignres 
the  nervation  of  the  wing  of  a  modern  nymph  cockroach  le 
brought  into  comparison  with  a  typical  Carboniferous  adnlC. 
*  It  IH  iiitereHting  t<i  notice  an  unnlogons  progreaaive  evolution  in  the  vege- 
tiible  kinjfiloni.  The  Carbon  if orims  ttora  i'ont»ioK  n  great  majority  of  simple 
veineil  IpiireH.  while  nl  Che  iirexfiit  time  nettetlveintHl  leaven  predominate. 
Ill  the  case  uf  plmitit,  both  iiiitliaiiinil  anil  ph.viti'ilogicHl  factxira  have  doabt- 

h-BM  OlHTOtetl. 
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Honiologoos  veins  bear  the  same  number.  The  close  simi- 
larity is  very  apparent.  The  modern  cockroaches  thus  present  in 
their  ontogeny  an  interesting  illustmtion  of  the  recapitulation 
of  ancestral  characters. 


EXPLANATION   OF  PLATE   I. 

Figure  1. — Mylacris  elongata  Scudder.  An  adult,  slightly  enlarged. 
Same  specimen  as  illnstrateu  by  Text-figure  8.  The  head  projects  in  front 
of  the  pronotam.  The  abdomen  is  noticeably  short  in  comparison  with  the 
thorax  and  long  wings. 

Figure  2. — Etohlattina  mazonn  Scudder,  Nymph  with  ovipositor  pre- 
served.    Same  specimen  as  Text-figure  13. 

Figure  3. — Mylacris  (Dipeltis)  diphdiscus  Packard,  Hp.  Type  specimen. 
The  head  projects  from  beneath  the  pronotum.  The  impressions  of  the  first 
pair  of  legs  are  indistinctly  seen  through  the  integument.  The  femora  of 
the  second  pair  of  legs  can  be  detected  in  the  photograph.  For  a  line  draw- 
ing of  the  specimen,  see  Text  figure  4. 

Figure  4. — EtoblaUina  Uillianaf  Scudder. 

Figure  5. — Spiloblattina  maledicta  Scudder.  sp.  The  wing  shown  in  this 
photograph,  also  in  Text-figure  26,  is  of  the  form  or  variety  of  the  species 
with  arched  costal  border  and  short  cubital  area. 

Figure  tt. — Spiloblattina  maledicta  Scudder,  sp.  Typical  wing  of  the 
species  having  slightly  arched  costal  bonier  correlated  with  great  extent  of 
the  cubitus.     Same  as  Text-figure  27. 

Figure  7. — Oerablattina  arcuata  sp.  nov.  Type  specimen.  The  wing, 
as  the  photograph  shows,  has  light  and  dark  areas  similar  to  those  of  Spilo- 
blattinay  to  which  genus  possibly  the  species  should  be  referred.  The  same 
specimen  is  illustrated  by  Text-figure  1 . 

Figures  8,  9. — EtobUittina  sp.  Detached  hind  wings.  Same  specimens 
as  Text-figures  84  and  85. 

Figure  10. — Spiloblattina  maledicta  Scudder,  «p.  The  hind  wing  is  of 
thinner  texture  and  has  color  area  similar  to  those  of  the  front  wing. 

Figure  11. — Etoblattina  cnnacea  sp.  nov.     Same  as  Text-figure  29. 

Figure  1  is  but  slightly  enlarged  ;  Figure  8  is  a  little  less  than  twice  nat- 
ural size  ;  all  others  are  enlarged  approximately  two  and  one-half  diameters. 

Figures  1-4,  from  the  Coal  Measures  of  Mazon  Creek,  Illinois  ;  all  others 
from  the  Upper  Coal  Measures  of  Lawrence.  Kansas. 

Originals  of  Figures  1,  2,  and  4,  in  the  Yale  University  Museum  ;  of  Figure 
3,  in  the  National  Museum  ;  all  others,  in  the  University  of  Kansas  Museum. 
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Art.    XXVII. — Electroiropimi    of   Roots;    by   Amon  B. 

Plowman.     (Witli  Plates  IX  and  X.) 

In  a  brief  report  published  in  this  Journal  last  month,  the 
writer  gave  the  more  important  results  of  a  series  of  experi- 
ments in  the  field  indicated  bv  the  above  title.  These  obser- 
vations extend  over  a  period  of  more  than  two  years,  and  have 
been  carried  on  as  a  part  of  a  general  study  of  the  electrical 
relations  of  plants,  at  the  Memorial  Research  Lalioratory  of 
Harvard  University.  As  indicated  in  the  preliminary  paper, 
this  particular  phase  of  the  work  has  had  for  its  object  the  ex- 
planation of  the  behavior  of  roots  growing  in  the  presence  of 
an  electrical  current. 

The  general  fact  of  galvanotropic  response  in  roots  wa-^ 
established  in  1882  by  the  careful  studies  of  Elfving,*  who 
found  that  the  roots  of  young  seedlings  growing  in  spring-water 
through  which  a  current  of  electricity  was  flowing,  almost  in- 
variably turned,  after  a  little  time,  toward  the  positive  electrode. 
Elfving  modified  his  experiment  by  using  from  one  to  six 
Leclanchc  cells  in  his  battery ;  by  varying  the  distance  between 
electrodes  from  2*5*^™  to  15^"" ;  by  the  use  of  zinc,  copper,  plati- 
num, and  carbon  electrodes ;  and  bv  a  study  of  various  plants, 
including  species  of  Vicia,  Zea^  Secale^  Hordeum^  Cannahis^ 
Ricinvs^  Cutmrhitas  Tropaeolum^  Convolvulus^  Cynara^ 
Helianthna^  and  several  others.  He  found  that  throughout  all 
these  variations  in  conditions  the  results  remained  practically 
constant  in  kind,  the  roots  always  turning,  sooner  or  later, 
toward  the  positive  pole.  He  observed,  also,  that  the  roots 
were  invariably  killed  by  the  prolonged  action  of  the  current 
from  even  a  single  Leclanche  cell. 

By  way  of  explanation  of  his  results,  Elfving  showed  that  tlie 
elongation  of  a  root  in  the  presence  of  an  electric  current  is 
approximately  only  half  as  great  in  a  period  of  12  hours  as  is 
tliat  of  a  similar  root  growing  under  normal  conditions  for  the 
same  length  of  time.  Hence  it  was  evident  that  growth  was 
retarded  by  the  electric  current,  and  the  greater  retardation  on 
one  side  than  the  other  of  the  root  was  attributed  to  some  un- 
known property  of  the  root  itself.  This  view  of  the  matter  was 
apparently  fully  justified  by  certain  results  obtained  by  Elfving 
in  liis  trials  with  seedlings  of  Brassica  and  Raphcmvs.  In  the 
former  the  majority  of  the  roots  turned  toward  the  negative 
pole,  while  in  the  latter  there  was  no  well  defined  response  in 
either  direction.  This  would  indicate  a  specific  difference 
which  could  be  attributed  only  to  the  i)rotoplasm  itself,  and  it 
was  upon  this  difference  that  Elfving  proposed  to  separate 
plants  into  two  groups,  the  one  positively  galvanotropic,  the 

*Bot.  Zeit.,  1883.       . 
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other  negatively  galvanotropic.  It  should  be  stated,  however, 
that  in  the  earlier  part  of  his  paper  Elf  ving  observes  that  gal- 
vanotropism  is  not  to  be  considered  a  biological  phenomenon 
of  the  same  order  as  heliotropiem,  geotropism,  and  most  other 
common  paratonic  responses.  In  accounting  for  the  invariably 
fatal  effects  of  a  long-continued  current,  Elfving  offers  the  sug- 
gestion that  the  electrolyte  is  probably  rendered  toxic  by  the 
formation  of  poisonous  compounds  at  the  surface  of  the 
electrode. 

While  Elf ving's  study  of  this  subject  was  quite  complete  and 
his  methods  were  in  general  above  question,  it  has  seemed  de- 
sirable not  only  to  repeat  his  work,  but  to  extend  it  in  a  number 
of  lines,  in  order,  if  possible,  to  arrive  at  some  more  satisfactory 
explanation  of  the  results  obtained. 

The  electrical  equipment  used  for  these  and  related  studies 
consists  of  a  battery  of  "  Excelo "  cells,  a  small  direct-current 
dynamo,  the  50C-volt  city  power  current,  and  various  resist- 
ances, rheostats,  and  measuring  instruments.  The  "Excelo" 
cell  is  a  combination  of  the  principles  of  the  Daniell  cell  and 
the  "gravity"  cell.  This  cell  is  very  satisfactory  for  closed- 
circuit  work,  since  it  maintains  a  practically  constant  potential 
for  days  or  even  weeks,  especially  when  only  a  fraction  of  the 
available  amperage  is  used.  The  dynamo  is  of  the  General 
Electric  type,  driven  by  a  General  Electric  500-volt  direct- 
current  motor.  The  dynamo  is  rated  at  2*5  kw.  capacity,  at  a 
voltage  ranging  from  75  to  125  at  normal  speed,  controlled  by 
a  field  rheostat.  A  speed-rheostat  on  the  motor  permits  a  con- 
siderably wider  range  of  voltage  in  the  dynamo.  The  500-volt 
power-current  itself  is  available  for  experimental  work,  through 
a  series  of  resistances  and  rheostats.  Among  the  measuring 
instruments  are  included  a  watt-meter,  volt-meters,  ammeters 
and  galvanometers,  one  of  which  is  sensitive  to  10"*  volt.  It 
is  possible  to  obtain  from  this  equipment  a  fairly  complete 
gradation  of  measured  initial  potentials  from  500  volts  down 
to  10- •  volt. 

However,  it  is  not  always  sufficiently  explicit  to  state  merely 
the  difference  in  potential  between  the  terminal  electrodes, 
since  the  amount  of  the  current,  which  is  the  essential  thing, 
depends  quite  as  much  upon  the  form  and  conductivity  of  the 
electrolyte  as  upon  the  initial  potential-difference  between  the 
electrodes.  In  other  words,  it  is  the  density  of  the  current 
which  is  of  importance  in  our  present  investigation.  Current 
density  has  been  variously  detined  by  different  authorities,* 
but  it  is  sufficiently  definite  for  our  purpose  to  consider  current 

*  A.  Gray,  "  Absolnte  Measurements  in  Electricity  and  Magnetism,"  p.  7, 
1888.  OUver  J.  Lodge,  **  Modern  Views  of  Electricity,"  p.  69.  1889.  W.  E. 
Ayrton,  ** Practical  Electricity."  p.  117,  1887.  Clerk  MaxweU,  "Electricity 
and  Ifognetism,"  §64,  1881. 
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density  as  the  amount  of  current  passing  a  unit  cros^-section  of 
the  conductor  in  unit  time.  This,  in  any  case,  will  evidently 
depend  upon  the  E.M.F.  of  the  current,  the  conductivity  of 
the  conductor,  and  upon  its  sectional  area  and  the  distance  be- 
tween electrodes.  Ihe  unit  of  current  density  is  the  milli- 
ampere,  and  the  current  is  of  unit  density  when  the  conditions 
of  the  circuit  are  such  that  one  milli-ampere  of  current  passes 
jcnia  ^j  sectional  area  of  the  conductor  in  one  second. 

Tlie  general  method  of  experimentation  has  been  similar  to 
that  followed  by  Elfving.  Fig.  1  (Plate  IX)  shows  one  of  the  ves- 
sels used  in  subjecting  roots  of  seedlings  to  the  action  of  an  elec- 
tric current.  Internally  this  vessel  measures  about  b'^  wide,  16^ 
long,  and  18*^"'  deep.  When  in  use  the  cubette  is  wrapped  with 
black  paper  in  order  to  protect  the  roots  from  the  influence  of 
light.  In  the  majority  of  cases  the  electrolyte  employed  has 
been  ordinary  tap-water,  though  as  one  phase  of  the  study, 
dilute  solutions  of  a  great  variety  of  substances  were  used. 
Since  the  products  resulting  from  the  electrolysis  of  common 
metallic  electrodes  such  as  copper,  zinc,  tin,  etc.,  are  usually 
highly  injurious  to  plants,  it  was  found  necessary  to  use  elec- 
trode's of  platinum  or  carbon.  The  latter  material  has  proved 
to  be  entirely  satisfactory,  and  it  is  to  be  recommended  for  its 
cheapness  and  convenience.  In  the  small  vessel  shown  in  fig. 
1,  the  electrodes  are  "Electra"  arc-lamp  carbons,  f  x  T\ 
fitted  with  binding-posts  for  connecting  the  wires.  In  a  lai^r 
vessel  plate  carbon  electrodes  were  used.     These  were  of  high- 

frade  carbon,  -6""  x  4^*"  x  15"°,  each  with  a  binding-«crew.  It 
as  been  sh(»wn  by  repeated  experiments  that  the  product  of 
electrolytic  decomposition  of  these  carbons  is  perfectly  harmless 
to  plants,  even  when  present  in  suflScient  amount  to  render  the 
electrolyte  quite  black. 

The  seedlings  are  suspended  by  glass  hooks  passing  through  a 
sheet  of  cork  which  serves  as  a  cover  for  the  vessel.  In  this  way 
perfect  insulation  is  secured,  thereby  preventing  any  passage  of 
current  through  the  root  in  the  direction  of  its  longer  axis. 

The  seeds  are  first  germinated  in  moist  sphagnum,  and  when 
the  radicles  have  reached  a  length  of  2*^™  to  4"°,  the  seedlings 
are  attached  to  the  glass  hooks  with  their  roots  pointing 
directly  downward  and  dipping  a  short  distance  into  the  water 
in  the  jar.  If  left  to  grow  normally  in  such  a  situation,  some 
roots  will  grow  directly  toward  the  bottom,  while  others  bend 
about  in  a  more  or  less  tortuous  path.  It  is  a  well-known  fact 
that  different  species  of  plants  show  characteristic  behavior  in 
this  respect.  Thus  Pisum  sativum,,  many  varieties  of  Zea  maiSj 
and  various  other  plants  develop  quite  crooked  roots  when 
grown  in  water,  while  other  varieties  of  Zea  maisy  Lupinus 
albus,  HydcintMcs  orientalis^  etc.,  grow  long  straight  roots 
under  these  circumstances. 
However,  if  a  current  of  e\eclne,\t^  \i^  ^^^^ed  through  the 
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water  in  wbicb  these  roots  are  growing,  they  almost  without 
exception  turn,  sooner  or  later,  toward  tLe  positive  pole.  The 
time  required  for  this  reaction  depends  upon  the  kind  of  plant, 
as  well  as  upon  the  density  of  the  current.  In  a  uniform  cur- 
rent, those  plants  which  show  most  rapid  normal  growth  of  the 
roots  are  the  ones  which  show  a  typical  curvature  most  quickly. 
For  any  given  kind  of  root  there  is  a  maximum  current  density 
at  which  the  curvature  is  produced  most  rapidly,  while  a  weaker 
current  requires  a  longer  time  to  bring  about  the  same  results. 
On  the  otner  hand,  if  the  current  density  be  raised  even 
slightly  above  the  specific  maximum,  the  roots  are  killed  before 
curvature  can  take  place.  As  is  to  be  exi)ected,  this  speciiic 
maximum  differs  considerably  in  different  plants,  and  also  for 
roots  of  different  degrees  of  maturity  in  the  same  plant.  Thus 
the  maximum  effect  is  produced  in  a  radicle  2"^'"  long  of  Lupinus 
alhtts  by  a  current  density  of  about  1  milli-ampere,  while  a 
similar  root  of  Zea  mai^  reacts  most  rapidly  in  a  current  of  1*6 
milli-amperes.  For  roots  which  have  reached  a  length  of  12*^ 
or  15*™  the  maximum  current  density  is  less  than  for  the  shorter 
roots,  being  about  '8  milli-ampere  for  Luphiiis  and  1  milli- 
.anapere  for  Zea;  and  the  maximum  curvature  is  less  rapid  than 
in  the  case  of  young  roots. 

The  abruptness  of  the  curvature  is  dependent  chiefly  upon 
the  kind  of  plant  and  the  vigor  of  the  root,  but,  other  things 
being  equal,  it  appears  that  the  sharpest  curves  are  formed  in  a 
current  considerably  below  the  specific  maximum  density.  It 
frequently  happens  that  roots  of  Zea  mais  are  curved  through 
an  angle  of  90°  in  a  length  of  V^  or  less,  and  very  young 
radicles  of  Lujnnus  alhus  have  been  bent  through  a  right  angle 
in  a  length  hardly  exceeding  twice  the  diameter  of  the  organ 
at  the  middle  point  of  the  curve. 

Fig.  2  represents  a  number  of  young  seedlings  of  various  size 
of  ^a  mais,  after  being  exposed  for  one  hour  to  a  current 
density  of  1"2  milli-amperes.  The  sharpest  curvature  in  this 
case  is  shown  by  the  shortest  of  the  radicles,  while  the  longer 
ones  show  a  more  gradual  bending.  If  a  weak  current  is  kept 
on  such  seedlings  as  these  for  several  hours,  it  is  found  that  the 
majority  of  the  roots  continue  to  grow  horizontally  toward  the 
positive  pole.  The  maxinmm  current  density  invariably  kills 
the  roots  in  a  short  time,  as  was  observed  by  Elfving,  but  it 
has  been  found  possible  to  adjust  the  current  to  such  a  strength 
as  not  to  kill  the  roots  and  yet  to  hold  them  to  their  horizontal 
coarse  against  their  normal  geotropic  tendency. 

On  the  other  hand,  if  the  current  is  turned  off  after  an  hour, 
and  the  seedlings  are  left  in  the  water  for  a  time,  we  often  ob- 
tain such  results  as  those  shown  in  fig.  3.  Here  most  of  the 
roots  have  continued  to  curve,  in  some  cases  forming  complete 
coils.  It  has  often  happened  that  roots  which  \iav^\>^ev\\«e»» 
Benoueiy  affected  than  those  shown  in  fig.  2  wi\\,Nv\\en't^\x\ON^ 
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from  the  action  of  the  carrent,  bend  downward  again  near  the 
tip,  forming  a  double  enrvc,  and  continuing  to  grow  in  an  alto- 
gether normal  way  again.  In  such  cases  there  is  always  devel- 
oped a  conspicuous  enlargement  of  the  root  at  the  second,  or 
lower,  curve,  and  a  constriction  at  the  first,  or  upper,  one. 
This  constriction  is  always  in  the  form  of  a  flattening  of  the 
concave  side  of  the  curve. 

The  location  of  the  greatest  curvature  in  the  root  is,  as  Elf- 
ving  observed,  at  the  jwiut  of  most  rapid  normal  elongation.  It 
should  be  added,  however,  that  the  sharpest  part  of  the  curve 
is  at  the  point  of  most  rapid  elongation  at  the  time  when  the 
current  is  first  turned  on.  This  fact  is  most  strikingly  evident 
in  the  case  of  very  vifforous  roots  ex}X)8ed  to  a  rather  weak  cur- 
rent. In  long  roots  w^iich  are  exposed  for  their  whole  length  to 
the  current,  there  is  but  little  curvature  in  the  piliferous  zone. 
Hence  it  appears  that  the  curvature  is  dependent  upon  active 
growth  of  the  cells. 

When  the  seedlings  are  suspended  so  that  the  root-tips  just 
touch  the  water  in  the  jar,  the  curvatures  are  usually  different 
from  those  developed  when  the  roots  are  wholly  submerged, 
and  the  reaction  varies  more  noticeably  with  change  in  amoant 
of  current.  For  example,  if  seedlings  of  Lupinu%  albtis  are 
arranged  with  roots  dipping  l"*""  or  less  into  the  water,  and  a 
very  strong  current,  say  10  milli-amperes,  is  passed  for  a  few 
minutes,  the  root-tips  soon  curl  to  such  an  extent  as  to  be  lifted 
out  of  the  water.  In  a  few  instances  the  roots  have  continued 
to  grow  horizontally  for  several  millimeters  just  above  the  sur- 
face of  the  water,  and  toward  the  positive  pole,  but  they  are 
usually  killed  at  once  by  a  current  of  this  density.  With  a 
very  weak  current  the  roots  do  not  commonly  begin  to  curve 
perceptibly  until  the  zone  of  most  rapid  elongation  reaches  the 
surface  of  the  water,  when  a  prompt  response  occurs,  just  as 
in  the  case  of  wholly  submerged  roots. 

When  the  seedlino;s  are  placed  with  their  roots  horizontally, 
or  parallel  to  the  patli  of  the  current,  those  which  point  toward 
the  positive  pole  continue  to  grow  in  that  direction,  contrary 
to  the  influence  of  the  force  of  gravity,  so  long  as  the  current 
is  comparatively  weak.  A  stronger  current  quickly  kills  these 
roots,  though  without  producing  any  curvature  in  them.  The 
roots  pointing  toward  tne  negative  pole  usually  bend  downward 
in  a  perfectly  normal  manner  for  a  little  time,  then  the  curva- 
ture becomes  very  abrupt,  and  the  tips  are  turned  back  toward 
the  positive  pole.  If  the  current  is  turned  oif  at  this  stage,  the 
roots  sometimes  continue  to  bend,  forming  a  complete  coil, 
and  then  growing  downward  again.  It  usually  happens,  how- 
ever, tliat  the  seedlinijs  are  killed  by  this  treatment. 

Elfving  has  shown  that  when  an  electric  current  is  passed 

upward  through  a  root  the  cells  are  quickly  killed,  while  other 

roots  tran;!;mitting  a  similar  cwrrewt  0LO\\\\\\«i.Td«j^  not  seriously 
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affected,  even  after  several  hours.  This  experiment  was  re- 
peated by  suspending  two  seedlings  by  hooks  of  platinum  wire, 
with  the  roots  dipping  several  millimeters  into  a  vessel  of  water. 
The  platinum  wires  are  connected  through  a  resistance  with  the 
battery,  making  a  circuit  downward  through  the  first  root,  and 
upward  through  the  second.  Under  these  conditions  a  '1  milli- 
ampere  current  killed  the  second  root  in  twelve  hours,  while 
the  first  was  not  apparently  affected.  When  a  '5  milli-ampere 
current  was  passed  through  the  roots  for  half  an  hour  and  then 
turned  off,  the  second  root  was  greatly  checked  in  its  growth, 
and  after  a  few  hours  it  showed  a  pronounced  bending  toward 
the  other  root.  In  every  case  the  prolonged  passage  of  even  a 
very  weak  current  caused  a  loss  of  turgor  in  the  parts  of  the 
first  seedling  in  the  region  of  the  platinum  contact,  even  when 
the  root  itself  was  unaffected. 

In  comparing  the  results  of  these  studies  with  those  given  by 
Elfving,  it  appears  that  there  is  substantial  agreement  in  the 
general  fact  of  response  curvatures.  The  plants  examined  in- 
clude practically  all  those  enumerated  by  Elfving,  with  the 
addition  of  species  of  LupinuH^  Linum^  Fagopyrnm^  MiliuTn^ 
AUiura^  and  Hyacinthus.  However,  it  has  been  shown  that  the 
passage  of  an  electric  current  through  water  in  which  seedlings 
are  growing  is  not  necessarily  fatal  to  the  plants,  as  asserted  by 
Elfving,  but  that  the  current  may  be  so  weak  as  not  to  kill  the 
roots  and  yet  cause  them  to  grow  horizontally  toward  the 
positive  pole. 

Moreover,  the  so-called  "negative  galvanotropisnr'  men- 
tioned by  Elfving  does  not  seem  to  he  a  c»oni>tafit  property  of 
any  species  thus  far  studied.  That  the  usual  curvature  toward 
the  positive  pole  is  less  pronounced  and  less  constant  in  some 
species  than  in  others,  can  nut  be  denied,  llosvever,  the  re- 
verse curvature  has  not  been  found  to  be  constant  in  any  case, 
and  even  in  the  most  doubtful  species  it  has  been  possible,  by 
varying  the  density  and  time  of  action  of  the  current,  to  pro- 
duce the  normal  curvature  in  a  majority  of  the  roots. 

That  Elfving  was  justified  in  concluding  that  galvanotropism 
IS  not  of  the  same  order  of  phenomena  as  lieliotropism,  geo- 
tropism,  hydrotropism,  etc.,  is  made  apparent  by  the  facts  just 
pointed  out.  The  great  raj)idity  of  the  reaction  under  certain 
conditions,  and  the  fact  that  all  but  extremelv  weak  currents 
are  very  harmful  to  the  plant,  seem  to  indicate  the  same  con- 
clusion. But  it  must  be  admitted  that  so  far  as  the  real  signiti- 
canceand  ultimate  explanation  of  the  phenomenon  are  concerned, 
no  satisfactory  solution  is  offered  either  by  mere  external  appear- 
ances or  by  the  purely  biological  features  of  the  case. 

A  comparative  study  of  tlie  internal  structure  of  normal  and 
electrically  curved  roots  has  proved  highly  instructive  in  this 
connection.     Fig.  4  shows  a  longitudinal  section  oi.  iW  \\^  oi  ^ 
root  of  H^acintAtis  orientaUs^  which  had  beeiv  aeledi  \x^\\  iot 
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lialf  an  hour  by  a  current  of  '8  milli-ampere  density.  The  side 
of  the  root  represented  bv  the  left-hand  side  of  the  figure  was 
directed  toward  the  positive  pole.  Here  the  cells  are  evidently 
in  a  state  of  partial  collapse,  the  protoplasm  is  contracted,  and 
the  thin  walls  are  more  or  less  crushed.  On  the  opposite  side 
of  the  root  there  is  every  indication  of  a  perfectly  normal  con- 
dition of  the  cells.  Fig.  5  is  from  a  longitudinal  section  of  a 
root  of  Hyacinihns  oriejitalis^  after  three  hours  exposure  to  a 
•7  milli-ampere  current.  This  section  is  taken  from  a  part  of 
root  about  14™"*  or  15"""  back  of  the  tip,  or  at  the  point  where 
elongation  was  most  rapid  at  the  time  when  the  current  was 
first  turned  on.  It  is  perfectly  evident  that  the  cells  on  the 
concave  side  of  this  root,  or  the  side  toward  the  positive  pole, 
were  killed,  while  those  on  the  opjxjsite  side  kept  on  growing 
quite  normally. 

It  should  be  mentioned  in  passing  that  when  such  curved 
roots  are  fixed  in  Flemming's  fluid  there  is  always  a  conspicuous 
white  stripe  down  the  concave  side  of  the  root,  even  after  the 
other  parts  have  turned  quite  brown  or  even  black.  This  is  an 
indication  of  the  presence  of  dead  cells  in  this  region.  The 
same  thing  is  often  shown  in  roots  while  tlie  electric  current  is 
still  acting  upon  them,  by  the  fact  that  the  concave  side  of  the 
root  becomes  tmnslucent  from  the  escape  of  cell-sap  into  the 
intercellular  spaces. 

The  harmful  effects  of  the  current  are  even  more  strikingly 
shown  in  cross-sections  of  the  curved  roots.  Fig.  8  represente 
a  transverse  section  at  10"'"^'  from  the  tip  of  the  root  of  Jjyacin- 
thv8  orientalu^  after  exposure  to  a  '7  milli-ampere  current  for 
one  hour.  Here  tlie  upper  left-hand  part  of  the  section  was 
directed  toward  the  positive  pole.  Fig.  9  is  from  a  section  of 
such  a  root  after  two  hours  action  of  a  similar  current.  In  this 
case  the  upper  right-hand  side  was  toward  the  positive  pole. 
Fig.  10  is  an  enlarged  view  of  a  part  of  tlie  section  shown  in 
fig.  9,  along  the  line  between  the  more  affected  and  the  less 
affected  parts.  A  comparison  of  these  with  fig.  6,  taken  from 
a  section  of  a  normal  root,  shows  that  there  has  been  more  or 
less  shrinkage  and  collapse  in  all  parts  of  the  curved  roots,  but 
that  the  actuallv  destructive  action  has  been  confined  to  the 
side  toward  the  positive  pole.  This  partial  collapse  of  the 
entire  structure  is  not  evident  in  a  root  exposed  to  a  "1  milli- 
ampere  current,  while  a  very  brief  action  of  a  strong  current 
produces  tliis  effect  in  the  entire  root-tij),  as  shown  in  fig.  7, 
which  is  from  a  section  of  a  root  of  Jlfjaciiithu^  orlentali^, 
treated  for  five  minutes  with  a  10  milli-ampere  current. 

From  these  facts  of  the  minute  anatomv  of  electrically  curved 

roots  it  seems  to  be  self-evident  that  the  curvature  is  the  result 

of  the  paralysis  and  death  of  the  protoplasm  on  one  side  of  the 

structure,  resulting  in  the  complete  arrest  of  development  in 

^hat  rcfriou,  wliile  the  otbcr  partii=>  ^o  o\\  ^yonnKw^ycv  ^\xvore  or 
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leas  perfectly  normal  way.  As  suggested  in  a  former  report,* 
this  condition  of  the  root  is  most  satisfactorily  acconnted  for  by 
attributing  the  effects  upon  the  protoplasm  to  the  direct  action 
of  the  positive  electrons.  That  the  effects  are  not  of  an  ordi- 
nary chemical  nature  is  evidenced  by  the  fact  that,  so  far  as  is 
known,  the  nature  and  rapidity  of  the  response  is  conditioned 
solely  upon  the  density  of  the  current,  regardless  of  the  chemi- 
cal composition  of  the  electrolyte.  This  conclusion  is  based 
upon  the  results  of  large  numbers  of  trials  with  a  great  variety 
of  acids,  bases,  and  salts,  used  always,  of  course,  in  extremely 
dilute  solution,  but  giving,  nevertheless,  a  wide  variation  in  the 
chemical  nature  of  the  positive  ions.  But  so  long  as  the  cur- 
rent density  is  kept  constant  the  roots  behave  in  precisely  the 
same  manner,  regardless  of  the  chemical  composition  of  the 
electrolyte,  proviaed  always  that  the  chemicals  are  so  dilute  as 
not  to  be  directly  and  immediately  harmful  to  the  plants. 

Upon  the  basis  of  the  electron  theory  all  the  phenomena  of  elec- 
trotropism  are  readily  and  naturally  explained.  Whenever  an 
electric  current  flows  through  an  electrolyte,  there  is  a  stream 
of  positive  electrons  flowing  from  the  positive  pole  to  the  nega- 
tive pole,  while  an  equivalent  stream  of  negative  electrons 
flows  toward  the  positive  pole.  Any  object,  such  as  the  root 
of  a  seedling,  dipping  into  the  electrolyte  parallel  to  the  elec- 
trodes, will  have  that  side  toward  the  positive  pole  exposed  to 
the  stream  of  positive  electrons,  while  the  other  side  is  equally 
exposed  to  the  negative  electrons.  Consequently  the  cells  on 
the  side  of  the  root  toward  the  positive  pole  are  sooner  or  later 
killed  by  the  positive  electrons,  while  the  other  side  of  the  root 
continues  to  grow  more  or  less  vigorously,  pushing  the  tip  of 
the  root  around  in  the  direction  of  the  positive  pole.  When 
the  growing  end  of  the  root  has  reached  a  horizontal  position, 
or  has  become  parallel  to  the  streams  of  electrons,  it  is  kept  in 
that  position,  since  any  deviation  w'ould  expose  the  more 
rapidly  growing  side  to  the  positive  electrons,  with  a  conse- 
quent checking  of  the  growth  and  a  return  to  the  horizontal 
position.  The  same  explanation  holds  good  in  the  case  of  roots 
which  are  placed  originally  in  the  horizontal  position  w- ith  their 
tips  pointing  toward  the  positive  ])ole.  That  the  delicate  grow- 
ing point  is  not  at  once  killed  when  thus  directed  against  the 
destructive  stream  of  electrons  is  no  doubt  to  be  accounted  for 
by  the  presence  of  the  root-cap,  which  more  or  less  effectually 
shields  the  meristematic  tissue  for  a  time  at  least. 

Similarly  we  may  explain  the  behavior  of  the  seedlings  used 
as  electrodes.  The  positive  one  is  injured  only  at  the  point  of 
contact  of  the  platinum  wire,  where  the  positive  charge  enters 
it.  The  part  dipping  into  the  water  is  receiving  a  stream  of 
negative  electrons,  and  consequently  is  uninjured.  The  nega- 
tive seedling,  on  the  other  hand,  is  receiving  a  stre^iiVCi  oi  ^o'iv 

*8ee  this  Journal,  vol.  xiv,  p.  131,  \Wi, 
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tive  electrons  through  its  root,  chiefly  from  tlie  side  toward  the 
other  seedling,  hence  it  is  curved  and  ultimately  killed. 

So  far  as  can  be  made  out  from  these  studies  up  to  the 
present  time,  the  negative  electrons  are  in  no  case  harmful  to 
plant  protoplasm ;  and  in  several  instances  a  marked  acceler- 
ation in  growth  may  reasonably  be  attributed  to  their  influ- 
ence. However,  in  the  present  state  of  knowledge,  it  would 
be  imprudent  to  assert  without  qualitication  that  negative 
electrons  stimulate  vegetable  protoplasm. 

A  study  is  now  being  made  of  the  effects  of  electric  light 
and  power-currents  upon  trees  growing  near  to  or  in  contact 
with  the  conductors.  The  facts  thus  far  collected  are  in  per- 
fect accord  with  those  outlined  in  this  paper. 

For  the  present,  the  point  of  principal  interest  lies  in  the 
fact  that  tlie  phenomenon  termed  "galvanotropism"  by  Elfving 
has  its  ultimate  cause  in  the  effects  of  the  electrons,  or  elec- 
tricity per  se^  and  apart  from  any  streaming  of  ions  or  any 
ordinary  cliemical  reaction.  It  is  for  this  reason  that  the  term 
"  electrotropism  "  is  deemed  more  appropriate  than  the  term 
"galvanotropism"  as  used  by  Elfving. 

Aside  from  their  purely  biological  relations,  the  results  of 
this  investigation  are  of  interest  in  their  bearing  upon  the 
theory  of  ionization  and  upon  the  electron  theory.  For  every 
new  problem  that  is  satisfactorily  solved  by  a  theory  renders 
that  theory  more  credible ;  and  the  problem  of  electrotropism 
is  certainly  of  this  nature,  in  its  relation  to  the  theories  mentioned. 

The  results  of  these  studies  seem  to  indicate  that  whatever 
advantages  may  be  derived  from  the  use  of  electricity  in  prac- 
tical horticulture  are  to  be  attributed  rather  to  secondary 
chemical  and  thermal  effects  than  to  electrical  energy  as  sncn, 
except  perhaps  in  cases  wliere  tlie  plants  are  negatively  charged. 

Harvard  University,  July,  1904. 

EXPLANATION  OF  THE  FIGURES.  PLATES  IX  AND  X. 

Fig.  1.  Cubette  jar,  with  electrical  connections,  for  sabjecting  roots  of 
seedlings  to  the  action  of  an  electric  current,     (x  J.) 

Fig.  2.  Young  seedlings  of  Zea  maiSf  after  exposure  for  one  hour  to  the 
action  of  a  weak  current,     (x  ^.) 

Fig.  3.  Young  seedlings  of  Zea  mats  which  were  exposed  to  the  action  of 
an  electric  current  for  one  hour,  then  left  in  the  water  for  an  hour  without 
current  flowing,     (x  ^. ) 

Fig.  4.  Longitudinal  section  of  a  root -tip  of  Hyacinthua  orientalis^  which 
had  been  subjected  to  the  action  of  an  electric  current  for  thirty  minutes. 
(X  75.) 

Fig.  5.  Longitudinal  section  of  a  root  of  H.  orientali3f  showing  the  effect 
of  three  hours  action  of  the  electric  current,     (x  75.) 

Fig.  6.  Transverse  section  of  a  normal  root  of  H.  orientaliSj  8""*  from  the 
tip.     (x  75.) 

Fig.  7.  Transverse  section  of  a  root  of  H.  orientalis,  S"""  from  the  tip, 
after  exposure  for  five  minutes  to  a  very  strong  current,     (x.75.) 

Fig.  8.  Transverse  section  of  a  root  of  H.  oriental  is  ^  10""  from  the  tip, 
showing  eflFect  of  a  moderate  current  acting  for  one  hour,     (x  75.) 

Fig.  9.  Transverse  section  of  a  root  of  H.  orientalis,  IS""  from  the  tip, 
after  exposure  for  two  hours  to  a  modexa'^  cwTTfttvt.    (x  75,) 

^ig.  10.     A  part  of  fig.  9  more  \iiv^\\\y  ma^\^e^.    V's^'5^,^ 
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SCIENTIFIC    INTELLIGENCE. 

J.    Geology  and  Mineralogy. 

1 .  United  States  Geological  Survey, — The  following  publica- 
tions have  recently  been  received  : 

Pbofessional  Fapers  No.  21. — Geology  and  Ore  Deposits  of 
the  Bisbee  Quadrangle,  Arizona  ;  by  E.  L.  Ransome,  162  pp., 
29  pis.,  6  figs. — The  lowest  rocks  of  the  Bisbee  district  are  pre- 
Cambrian  schists  derived  from  arkose  sediments  and  separated 
from  the  overlying  Paleozoic  beds  by  a  profound  unconformity. 
Cambrian  quartzite,  4500  feet  of  limestone  belonging  to  Cambrian, 
Devonian,  and  Carboniferous  time,  and  4500  feet  of  Cretaceous 
sediments  constitute  the  strata  represented.  P'aulting  and  fold- 
ing accompanied  by  intrusions  of  granitic  magmas  and  by  min- 
eralization occurred  at  the  close  of  the  Carboniferous.  Later 
disturbance  took  place  in  post-Cretaceous  time.  The  effect  of 
intrusion  of  granite  porphyry  is  inconspicuous.  Faults  in  this 
region  are  numerous  and  the  larger  ones  are  located  along  a 
NW.-SE.  tract  about  2^  miles  wide.  Certain  of  the  reversed 
faults  are  occupied  by  dikes  intruded  during  the  faulting.  None 
of  the  workable  ore  deposits  occur  as  lodes  or  fissure  veins. 
With  few  exceptions  the  deposits,  from  which  400,000,000  pounds 
of  copper  have  been  taken,  are  irregular  replacements  of  lime- 
stone. 

No.  22. — Forest  Conditions  in  the  San  Francisco  Mountain 
Reserve,  Arizona;  by  J.  B.  Letberg,  L.  F.  Rixon  and  A.  Dod- 
WBLL,  with  an  introduction  by  F.  G.  Plummer,  91  pp.,  7  pis. 

No.  23 — Forest  Conditions  in  the  Black  Mesa  Forest  Reserve, 
Arizona ;  by  E.  G.  Plummkr  from  notes  by  L.  F.  liixoN  and  A. 
DoDWELL,  60  pp.,  7  pis. 

No.  28. — Superior  Analyses  of  Igneous  Rocks  from  Roth's 
Tabellen  1869  to  1884,  arranged  according  to  the  quantitative 
system  of  classification;  by  H.  S.  Wasiiingtox,  51  pp.  The 
chemical  analyses  of  rocks  published  from  1884  to  1900  inclu- 
sive, are  collected  in  Professional  Paper  No.  14.  To  this  have 
now  been  added  the  more  reliable  and  complete  earlier  analyses. 
The  poor  quality  of  early  analytical  work  is  made  evident  from 
Doctor  Washington's  selections.  Analyses  made  })revious  to 
1861  are  discarded;  of  those  made  between  18GI  and  1884 
10*24  per  cent  are  retained;  and  of  those  made  between  1884 
and  1900  64*70  per  cent  are  worthy  of  permanent  record.  Of 
5,303  analyses  made  between  1861  and  1900  inclusive,  2,112  or 
39*83  per  cent  are  classed  as  superior. 

Bulletins.  No.  224. — A  Gazetteer  of  Texas;  by  Henry  Gan- 
nett, 176  pp.,  8  pis.  As  revised  in  the  second  edition  the  Gazet- 
teer of  Texas  is  a  model  for  such  work.  Besides  the  list  of  place 
names,  data  are  given  regarding  soil,  climate,  education,  industries 
and  other  geographic  elements. 
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No.  226. — Boandaries  of  the  United  States  and  of  the  several 
States  and  Territories;  hy  Henry  Gannett,  138  pp.,  54  pis. 
The  usefulness  of  this  manual  is  shown  by  the  fact  that  two  pre- 
vious editions  have  been  exhausted.  The  history  of  all  important 
changes  of  territory  is  given,  together  with  a  copy  of  the  laws 
concerning  them. 

No.  229. — The  Tin  Deposits  of  the  York  Region,  Alaska;  by 
Arthur  J.  Collier,  57  pp.,  7  pis.,  5  figs.  Tin  ore  probabljr  of 
commercial  value  has  been  found  in  widely  separated  localities 
in  the  York  region.  The  ore  occurs  in  alluvial  deposits  occasion- 
ally traced  to  small  veinlets  in  slate,  and  in  well-defined  veins  of 
greisen  associated  with  siliceous  intrusions.  Mr.  Collier  gives  a 
valuable  general  discussion  of  the  occurrence  and  method  of 
working  tin,  and  adds  a  bibliography  of  the  subject. 

No.  230. — A  Gazetteer  of  Delaware;  by  Henrt  Ganneti, 
15  pp. 

No.  231. — A  Gazetteer  of  Maryland;  by  Henry  Gannett, 
84  pp. 

Folios.  No.  1 01. — San  Louis  Folio,  California,  by  H.  W.  Faib- 
BANKS.  The  Coast  Ranges  of  California  are  exceedingly  com- 
plex in  their  geologic  structure  and  students  will  welcome  this 
description  of  a  typical  area.  The  sedimentary  rocks  represented 
belong  to  Jura-trias,  Cretaceous,  Neocene  and  Pleistocene  forma- 
tions, and  the  igneous  rocks,  both  extrusive  and  intrusive,  date 
from  these  same  periods  except  the  Pleistocene,  and  there  is  in 
addition  a  pre-Triassic  granite.  The  igneous  varieties  repre- 
sented are  granite,  diabase,  basalt,  augite-teschenite,  olivine- 
diabase,  quartz-basalt,  rhyolite,  tuff,  pyroxene-andesite,  peridotite, 
pyroxenite,  norite,  gabbro,  andesite-granophyre  and  dacite-gra- 
nophyre.  The  Jura-trias  rocks  contain  rooUuscan  remains  not 
found  elsewhere  on  the  Pacific  coast.  Lens-shaped  bodies  of 
jasper  occur  with  the  sandstone,  and  there  is  an  abrupt  change 
from  the  rock  containing  siliceous  tests  of  radiolaria  to  the 
shallow  water  formation  showing  no  radiolaria.  Abrupt  altera- 
tions of  currents,  or  depth,  or  shore  line,  must  have  taken  place. 
Len tides  of  glaucophane  schist  from  1  foot  to  100  feet  in  thick- 
ness are  irregularly  formed  and  ascribed  to  contact  metamor- 
phism.  The  volcanic  eruptions  connected  with  the  Monterey 
shale  (Neocene)  occurred  beneath  the  sea  and  consist  largely  of 
ash  and  pumice.  The  pumice  has  become  so  impregnated  with 
pyrite  as  to  form  a  very  resistant  rock  in  which  shore  terracea 
are  cut.  In  its  topographic  development  this  region  presents  an 
interesting  study  of  planation,  stream  adjustment  and  of  devel- 
opment of  a  coast  line  during  several  periods  of  elevation  and 
depression.  The  San  Louis  valley  has  been  developed  by  two 
sets  of  tributary  streams,  while  the  master  stream  crosses  the 
valley  at  right  angles  and  enters  a  canyon.  The  Salinas  is  ao 
excellent  example  of  a  superimposed  stream.  It  flows  in  a 
granite-walled  canyon  parallel  with  and  a  short  distance  from  a 
wide  valley  cut  in  soft  rock.     Numerous  faults  are  described  by 
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ProfesflCNT  Fairbanks,  one  with  a  throw  of  2000  feet,  yet  do  fault 
lines  are  shown  on  the  map,  because  '^  not  clearly  defined  in  the 
field."  They  are  shown,  however,  in  the  structure  sections  and 
it  would  be  of  advantage  to  students  if  a  less  conservative 
attitude  had  been  adopted  in  constructing  the  areal  map. 

No.  107. — Newcastle  Folio,  Wyoming-South  Dakota;  by  N. 
H.  Dabton. 

No.  108. — Edgement  Folio,  South  Dakota-Nebraska;  by  N.  H. 
Darton  and  W.  S.  Tangier  Smith. 

The  three  folios  (Nos.  85, 107,  109)  which  describe  the  geology 
of  the  edge  of  the  Black  Hills  uplift  are  interesting,  because 
of  their  local  features,  and  because  they  furnish  such  excellent 
illustrations  of  simple  monoclines,  erosion  forma  and  stream  sys- 
tems.    They  are  destined  to  be  much  used  in  teaching. 

No.  109. — Cottonwood  Falls  Folio,  Kansas;  by  C.  S.  Prossbb 
and  J.  W.  Beedk.  This  quadrangle  is  part  of  the  Great  Plains 
province  and  is  underlaid  entirely  by  Carboniferous  rock,  mostly 
limestone.  The  topographic  features  are  due  to  erosion  of  nearly 
horizontal  strata. 

2.  Geological  Survey  of  Canada,  Summary  Report  for  1 003. 
212  pp.,  7  maps. — For  the  year  1903  the  staff  of  the  Canadian 
Survey  numbered  57,  and  Dr.  Bell  had  at  his  disposal  an  appro- 
priation of  $133,000.  Economic  work  has  received  chief  atten- 
tion, and  parties  have  been  at  work  investigating  mineral 
resources  in  Yukon  Territory,  British  Columbia,  Ontario,  Quebec, 
New  Brunswick  and  Nova  Scotia.  Mr.  R.  VV.  Brock  describes 
the  Physiography  of  the  Lardeau  District,  one  of  the  most 
rugged  and  picturesque  portions  of  the  Selkirks.  Dr.  R.  A. 
Daly  continued  his  work  along  the  international  boundary.  He 
found  the  conditions  exceptionally  favorable  for  structural 
studies.  Three  master  thrust  faults  occur.  One  of  them  lies  in 
the  plane  of  bedding  and  the  blocks  have  been  rotated  and  over- 
turned. Additional  evidence  is  found  in  support  of  the  hypoth- 
esis of  "  overhead  sloping "  as  a  mode  of  igneous  intrusion. 
The  work  of  the  survey  is  retarded  by  the  lack  of  adequate 
topographic  maps. 

3.  .Eacaminatton  of  the  Coral-liock  ( 'ores  from  the  Soringa 
at  Funafuti, — The  general  report  upon  the  borings  made  in  the 
coral  rock  of  the  atoll  of  Funafuti  has  already  been  noticed  in  a 
recent  number  (vol.  xvii,  p.  478,  June,  1904);  some  of  the  results, 
however,  which  have  been  reached  by  Prof.  J.  \V.  Judd  and 
Dr.  C.  Gilbert  Cullis,  in  the  minute  chemical  and  microscopical 
examination  of  the  cores  of  coral  rock  obtained  deserve  more 
detailed  presentation.  It  will  be  remembered  that  the  main  bor- 
ing was  carried  to  a  depth  of  1114^  feet,  while  two  other  minor 
borings  were  also  made  at  an  earlier  date.  Samples  from  the 
former  boring  yielded  J  33  analyses,  and  those  from  the  latter  72 
analyses. 

The  chief  result  of  this  careful  chemical  work  is  to  show  that 
in  the  first  50  feet  of  descent  there  is  a  gradual  rise  in  the  per- 
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centage  of  magnesium  carbona,te  up  to  16  per  cent;  this  maximum 
occurring  at  depths  of  15  and  25  feet,  with  a  falling  off  between 
these  depths  to  12  per  cent.  From  a  depth  of  25  feet  there  is  a 
gradual  decline  in  the  proportion  of  magnesium  carbonate  till 
50  feet  is  reached,  where  only  the  normal  amount  of  1  to  5  per 
cent  is  present  This  latter  relation  continues  from  50  to  087 
feet.  From  here  down,  however,  the  percentage  rises  rapidly, 
so  that  at  a  depth  of  658  feet  the  proportion  of  magnesium  to 
calcium  carbonate  reaches  the  limit  of  40  to  60.  This  high  per- 
centage of  40  per  cent  is  maintained  to  the  bottom*  (m^^  hei) 
with  small  variation  (except  for  two  interruptions  to  be  men- 
tioned), the  maximum  of  43  per  cent  being  reached  at  950  feet. 
Exceptional  conditions  were  noted  twice  :  between  819  and  875 
feet,  the  proportion  of  MgCO,  varies  widely  with  a  minimum  of 
4*8  per  cent  at  826  and  a  second  of  20-6  per  cent  at  866,  and  a 
maximum  of  28*5  per  cent  at  855  feet.  Again,  between  1050 
and  1097  feet  there  is  a  falling  off,  with  a  minimum  of  ^*6d  per 
cent  at  1001  feet  and  30*7  per  cent  at  1080  feet,  and  a  maximum 
of  39*4  per  cent  at  1070.  These  wide  variations  remain  unex- 
plained. 

In  regard  to  other  constituents  in  the  rock,  it  may  be  briefly 
stated  that  the  amount  of  organic  matter  in  the  samples  examined 
was  found  to  be  extremely  small ;  at  depths  below  100  feet  quite 
inappreciable  ;  insoluble  morganic  matter  was  also  shown  to  be 
almost  completely  absent,  as  is  true  in  general  of  coral  reef  rocks 
not  formed  near  volcanic  masses.  The  amount  of  phosphates 
present  was  in  all  cases  minute  and  often  quite  inappreciable. 

The  chief  interest  in  regard  to  the  facts  stated  centers  in  their 
bearing  upon  the  important  problem  of  the  dolomitization  of 
limestone  rocks.  This  subject  is  discussed  with  much  thorough- 
ness by  Professor  Judd.  Attention  is  called  to  the  established 
fact  that  the  amount  of  magnesium  carbonate  present  in  living 
corals  is  small.  The  greater  solubility  of  the  calcium  carbonate, 
however,  tends  to  increase  the  relative  amount.  The  rapidity  of 
the  leaching-cut  process  depends  upon  the  special  conditions  of 
temperature  and  pressure,  and  further  varies  widely  with  differ- 
ent organisms,  being  greater  with  those  (as  the  algse)  in  which 
organic  matter  is  present  to  considerable  amount. 

This  process  of  leaching-out  seems  to  offer  an  adequate  explana- 
tion of  the  increase  in  the  magnesium  carbonate  up  to  16  per 
cent,  which  as  stated  was  observed  in  the  upper  part  of  the  cores. 
The  much  greater  rise  in  the  proportion  from  a  depth  of  637  feet 
to  the  bottom,  reaching  a  maximum  of  43  p.  c.  at  950  feet,  requires 
another  explanation.  Here,  moreover,  as  shown  by  the  examina- 
tion by  Dr.  Cullis  mentioned  below,  the  mineralization,  slight 
above,  is  prominent,  the  cores  are  fairly  solid  and  distinct  crystals 
of  dolomite  are  formed  to  a  greater  or  less  extent  throughout  the 
mass. 

The  author's  views  can  best  be  presented  by  quoting  his  words. 

*  Xonnal  dolomite  calls  for  45  Go  per  cent. 
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Speaking  of  the  mass  resulting  from  the  leaching-out  of  the 
calciam  carbonate  with  its  enrichment  in  magnesium,  the  author 
adds  :  ^^  Now  this  mass  in  a  coral  reef  is  everywhere  permeated 
and  acted  upon  by  sea-water  containing  a  very  notable  propor- 
tion of  magnesium,  principally  in  the  condition  of  chlorides  and 
sulphates.  May  not  these  materials  enriched  by  the  magnesium 
carbonate  exercise  an  attractive  action  on  the  magnesium  salts 
of  the  ocean  waters,  giving  rise  to  double  decomposition  and  the 
gradual  replacement  of  a  part  of  the  calcium  in  the  carbonates 
by  magnesium/'  .  .  .  "  It  by  no  means  follows  that,  because  the 
dolomite  crystals  are  found  only  at  considerable  depth,  the  action 
to  which  the  formation  of  the  crystals  was  due  took  place  only 
at  this  depth.  The  action  may  possibly  have  taken  place  at  or 
near  the  surface  and  the  rock  have  subsided  after  its  alteration. 
At  the  same  time  it  may  be  noted  that  all  the  rocks  now  at  short 
distances  from  the  surface  in  Funafuti  show  no  dolomite  crystals 
and  contain  only  such  an  amount  of  magnesium  carbonate  as  may 
be  accounted  for  by  the  leaching-out  process." 

The  author  adds  in  closing  :  '^  From  what  has  been  said,  it  will 
be  apparent  that  while  the  investigations  that  have  been  carried 
on  upon  materials  obtained  in  the  vertical  borings  of  Funafuti 
and  also  in  specimens  obtained  from  upraised  reefs  in  the  Indian 
and  Pacific  oceans,  show  that  the  dolomitization  of  coral-reef 
rock,  first  demonstrated  by  the  researches  of  Dana  and  Silliman, 
really  takes  place  sporadically  over  very  wide  areas,  the  exact 
conditions  under  which  the  operations  occur  still  call  for  careful 
investigation  both  by  observation  and  experiment." 

The  mineralogical  changes  in  the  cores  from  the  Funafuti  bor- 
ings have  been  carefully  investigated  by  Dr.  Cullis  and  the  results 
are  described  with  many  excellent  illustrations  in  Section  XIV 
of  the  Report.  The  discrimination  between  the  three  constit- 
uents of  the  coral  rock,  calcite,  aragonite  and  dolomite,  was  aided 
by  the  use  of  methods  of  staining,  one  of  which  (after  Meigen) 
seinred  to  separate  the  aragonite  from  calcite  and  dolomite,  the 
other  (Lemberg)  the  dolomite  from  the  other  species.  Speaking 
generally,  it  was  found  that  aragonite  occurs  in  the  upper  cores 
only  and  dolomite  only  in  the  lower  ones  (below  637  feet),  while 
calcite,  which  is  the  sole  constituent  of  the  middle  cores,  occurs 
with  aragonite  above  and  with  dolomite  below;  aragonite  and 
dolomite  were  in  no  case  found  associated. 

The  microscopic  examination  of  the  cores  down  to  a  depth  of 
637  feet  shows  the  original  rock  unchanged  in  the  first  few  feet 
only;  below  this  point  a  greater  or  less  degree  of  alteration  has 
gone  on.  The  changes  noted  in  the  first  637  feet  include  the 
deposition  of  secondary  calcite  and  aragonite  from  soli^iou,  the 
former  generally  and  the  latter  always  in  continuity  with  the 
same  mineral  in  the  original  organisms;  also  the  crystallization 
of  the  finely  divided  calcareous  detritus  and  finally  the  gradual 
disappearance  of  the  aragonite.  As  already  stated,  no  individual- 
ized dolomite  is  found  in  the  upper  cores  even  where  partial 


UMimiitiXSkxion  rum  zone  in  :iati  the  p«r«%atas«  o£  macvMTim 
*jir^n:is^  hi»  in<*n»aM>«i  n«i  :•<  per  •»nc  Anodier  pome  3i  mar- 
'*^,  :h  nhac  neAT  die  ^iirf^^e  rmiinr^  ot  'ienae  4oli«i  corai  n«k  art 
"•nmiiion.  rkrther  -iowTi  ^hefie  ore  rare  ami  herween  ^:20  and  ^Z 
f<»ef.  ^'hev  'io  nor,  •^xiitr.  che  material  resfembiinir  imeoiiso&iasf*! 
^nru  reet*  ^ami.  Thii^  tii^ereni^e  L^  ^XDiaineii  bv  the  effe«:c  of  ciie 
mnrA  'V^mpiete  ^om^ioa  anil  removal  «>f  che  original  aratpMiite. 
Wnen  rhe  ori^jinal  rock  •^oiuis^ceii  <?hieiiy  of  oal«Hce  thG»  kaif  b««fi 

v>  7ie^ii  morf*  or  le?*:*  *-j«i»l  -Mirw*;  when  -iraz'Xii^*^  ^ms  more  prom- 
.nent  its*  p>mov  li  h.k*  ief:  the  r')«Hc  in  a  fragmx^iKal  and  ineoliereat 
'V*n»1'fion. 

A  marketi  -rhanxe  hejrir*:*  wirh  rhe  c«pre  ac  •i;J'?  feet ;  liere  a  lar^ 
p^r**j>;nfJtq^  of  maanf^iam  iTarrH^aate  u  fo<in*i.  making  as*  before 
tiTAt^i  4  maclmtim  of  4:;  per  iTenc  at  :>■?«>  feeC  and  witli  cIk  ex> 
^^i&«:(on4  m«>nr.ione<'i  on  o.  24<>.  Uii.*f  eoQiiitioa  i»  maintained  to  the 
ht,tT.r,m  mineraiosioaliv.  Tbi.^  mean«  thac  the  core4  constst  <tf 
'lolomite,  in  many  ca.^e^  in  the  form,  of  lii^tinct  rfaombobcdnl 
^rj-tr^i^,  vhile  retTo^izable  ealoice  ha;$  largely  or  compEeiriT 
^Mappeare/i.  A  feat  a  re  of  the  lower  ore*  (from  Sl.3  feet  down) 
U  the  pre^en^e  of  iibrou.^  dep<j?«it>  :rra<}aailr  iooreasin^  in  reiatiTe 
amonnn  :  at  tir^t  thi.^  con.«i.'«t«  entirely  of  calcite«  at  greater  depths 
of  alternate  layer:)  of  calcite  and  d«^Iomite :  in  one  case  ( 1090 
feet)  fiv'e  Afifth  laver^  were  ob^^erved.  Manv  interestine  Tariations 
are  note^l  in  the  miero^opic  j«ection!9  in  the  appearance  of  tlie 
fMotn'itf:  and  calcite  and  their  relations  to  each  other  and  to  the 
original  or^^aniiims.  The^^  are  clearly  described  and  in  addition 
are  distinctly  presente^^l  to  the  eye  in  the  admirable  series  of 
fS^reiii,  all  of  which  deser\'e  to  be  carefully  studied.  Ejioagfa 
ha^  ypf^.n  «aid,  however,  to  indicate  the  general  eonclosions 
arrived  at  and  to  «thow  that  this  unique  investigation  serves  to 
throw  much  Iit(ht  on  some  of  the  most  difficalt  problems  in  con- 
n'-':f.ion  with  the  historv  of  the  coral  reef. 

i,  ffrt^J'  notices  of  nome  recently  described  MinercUs,  — 
I#AKKRITK  i<4  a  new  borosilicate  of  calcium  described  by  W.  R 
^file«i  from  the  mines  of  the  Borax  Consolidated  Company  in  the 
Mohave  desert,  If$  miles  northeast  of  Dagi^ett,  Sao  Bernardino 
tur\n\\.\\  (/aiifornia.  It  occurs  in  white,  amorphous  masses  form- 
ing vfihM  ;ind  noduIe<i  of  considerable  size.  In  appearance  it 
T*'nfui\Ai',^  iin^lazed  porcelain  or  fine-grained  marble  ;  occasion- 
ally it  ban  a  faint  greenish  tinge.  Hardness  =  4*5,  specific  grav- 
ity 2*7 ';.     An  analyhiH  yielded  the  following  results  : 

H,0,L^7'74  SiO/2H-45  Ca034-88  H,O8-30  Al,0„Fe,0, 0-63=:  100. 

From  t.hJM  the  formula  is  calculated  6SiO, .  5B,0, .  SCaO  .  6H,0. 
'V\\o  miflcral  in  named  after  Mr.  R.  C\  Baker,  a  director  of  the 
r'<;mpariy.  It  is  noted  tliat  howlite  also  occurs  in  large  quanti- 
I'u'H  in  the  name  minc^n. — Min.  Mnfj.^  xiii,  '^53. 

KiciKiiK  is  a  new  species  from  the  nephelite-syenite  of  Julian- 
i'liaal),  (ireenland,  <leseribed  by  O.  B.  Boggild.  It  occurs  in 
r>rthr>r}jombic  cryHtals,  sometimes  highly  modified,  of  a  yellowish 
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brown  to  dark  grayish  brown  color.  Specific  gravity  3  493, 
hardness  5*5  to  6.  The  crystals  are  opaqae  and  nnder  the  micro- 
scope are  seen  to  have  a  pscadomorph-like  structure  consisting  of 
a  complex  yellow  substance  of  strong  double  refraction  and  a 
colorless  one  feebly  biref ringent.  An  analysis  by  Chr.  Christen- 
sen  yielded  : 

SiO,  P.O.  (Ce,  La,  Di),0,  ThO,  A1,0,  CaO  Na,0  H,0 

15-12  17-78  40-51  3-26     9-28      1-81     5-63     6-28=:99-67 

The  formula  of  the  mineral  is  doubtful  because  of  the  altera- 
tion it  has  undergone.  Erikite  is  named  after  Erik  the  Red,  who 
discovered  Greenland  in  986.  The  same  author  gives  a  further 
description  of  the  rare  species  schizolite  (see  this  Journal,  x,  325, 
1900),  first  described  by  Winther  from  the  same  region  in  Green- 
land. It  is  shown  to  be  triclinic  in  crystallization  and  nearly 
similar  in  form  to  pectolite  and  wollastonite;  it  is  also  related  to 
rhodonite  and  babingtonite. — Mechl.  om  Gronlandy  xxvi,  1903. 

Cbyolithiosite  is  a  new  fluoride  of  aluminium,  sodium  and 
lithium  described  by  N.-V.  Ussing  from  the  cryolite  locality  at 
Ivigtut,  Greenland.  It  occurs  in  large  dodecahedral  crystals 
which  are  colorless  and  show  distinct  dodecahedral  cleavage.  The 
hardness  is  2-5  to  3  and  the  specific  gravity  2*777.  An  analysis 
of  purified  material  gave  : 

F  60-79      Al  14-46      Na  18-83       Li  5-35       ign  0-36  =  99*79 

This  leads  to  the  formula  Li,Na,Al,Fj„  which  corresponds  to  a 
cryolite  with  half  the  sodium  replaced  by  lithium. — BxdL  Acad, 
ScL  Lettr,  Danemark^  No.  1,  1904. 

TuoBiANiTE  is  a  new  radio-active  species  from  the  gem  wash- 
ings at  Balangoda,  Ceylon,  named  by  W.  Dunstan;  it  has  also 
been  observed  in  pegmatite  at  Gampola,  Ceylon.  It  occurs  in 
black  cubical  crystals  of  specific  gravity  9  32.  An  analysis  by 
G.  S.  Blake  gave  the  following  results  : 

ThO.     (Ce,  La,  Di),0.     UO,     ZrO,     Fe,0.     PbO     SiO, 

76*22  8-04  12-33       tr  035       2*87      0-12  =  99-93 

The  same  mineral  has  been  examined  by  W.  Ramsay  as  to  its 
radio-activity  and  chemical  composition,  with  results  in  the  latter 
direction  that  do  not  agree  with  the  analysis  above  quoted. — 
Nature^  Ixix,  510,  533,  559. 

6.  New  York  State  Mnseum,  2 2d  Report  of  State  Geologist, 
1902.  186  pp.,  29  pis. — In  addition  to  the  economic  work  con- 
ducted under  Dr.  Sierrill's  direction,  investigations  on  the  crys- 
talline and  Pleistocene  rocks  were  continued. 

New  occurrences  of  anorthosite  on  the  Langlake  sheet  are 
reported  and  studied  by  Prof.  Cushing.  Prof.  Wood  worth  con- 
tinued his  detailed  study  of  the  Hudson-Charaplain  depression 
and  mapped  new  shore  lines  marked  by  bars,  embankments  and 
terraces.  Pages  17-41  of  the  present  report  is  a  paper  by  Prof. 
H.  L.  Fairchild  on  Glacial  Waters  from  Oneida  to  Little  Falls. 
The  history  of  the  Mohawk  Valley  drainage  is  divided  into  three 
stages:  1.  Pre-Iroquois  waters — lacustine,  and  fluviatile,  held  in 
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the  valley  during  the  ice  retreat ;  2.  Iromohawk  river — draining 
glacial  lake  Iroquois  and  cutting  the  rock  channel  at  little  falls; 
3.  The  Mohawk  River. 

6.  Observations  of  a  Naturalist  in  the  Pacific;  by  H.  B. 
GuppY.  Vol.  I,  Vanua  Levu,  Fiji,  xix,  392  pp.,  7  plates,  2  maps, 
20  figures.  London,  1903  (Macmillan  &  Co.). — This  handsome 
volume  describes  in  great  detail  the  geology  and  petrography  of 
Vanua  Levu.  The  author  concludes  that  "Vanua  Levu  is  a  com- 
posite island  built  up  during  a  long  period  of  emergence,  that 
began  probably  in  the  late  Tertiary  period,  by  the  union  of  a 
number  of  islands  of  volcanic  formation."  The  platform  on 
which  the  island  rests  is  supposed  to  be  built  up  of  submarine 
basaltic  flows.  The  rocks  are  chiefly  basalts  and  andcsites,  with 
a  few  dacites,  trachytes,  quartz-porphyries,  gabbros  and  diorites. 
The  author  adopts  a  peculiar  classifieatiun  of  his  own  for  these: 
Classes  being  based  on  the  ferroraagnesian  mineral  present,  the 
Sub-classes  on  the  presence  or  absence  of  groundmass.  Orders  on 
the  arrangement  of  the  groundmass  feldspars.  Sub-orders  on  the 
ferromagnesian  mineral  of  the  groundmass.  Sections  on  the  pres- 
ence or  absence  of  feldspar  phenocrysts,  Genera  on  the  vitreous 
or  opaque  character  of  these,  and  Species  on  their  length.  There 
is  no  discussion  of  the  reasons  for  the  adoption  of  this  classifica- 
tion, criticism  of  which  is  uncalled  for  here.  Although  the  rocks 
are  described  petrographically  in  great  detail,  not  a  single  chem- 
ical analysis  of  them  is  given.  A  chapter  is  devoted  to  the  mag- 
netic characters  of  the  volcanic  rocks,  many  of  which  are  stated 
to  show  marked  polarity.  Vol.  II  will  deal  with  the  dispersal 
and  distribution  of  Paciiic  plants.  h.  s.  Washington. 

IL    Miscellaneous  Scientific  Intelligence. 

1.  Elements  of  Algebra  for  Beginners;  by  Gbobgb  W.  Hull, 
159  pp.  American  Book  Company. — This  little  book  has  been 
prepared  for  young  pupils  as  a  substitute  for  some  of  the  later 
work  in  arithmetic.  It  does  not  afford  a  basis  of  instraction 
adequate  for  preparation  for  college  examinations,  nor  does  it 
aim  to  do  so.  For  teaching  the  technique  of  algebra,  the  book 
is  admirably  adapted,  though  in  some  cases,  notably  in  evasion 
of  negative  numbers,  the  aim  for  simplicity  runs  counter  to  sound 
science.  The  collection  of  examples  includes  many  simple  ones 
carefully  graded.  h.  e.  h. 

2.  Elementary  Algebra  ;  by  J.  H.  Tanner.  American  Book 
Company. — This  book  is  adequate  for  the  preparation  of  students 
for  the  examinations  in  Elementary  Algebra  for  any  college  or 
scientific  school.  The  development  of  the  numbers  used  in 
algebra  is  careful,  and  the  most  striking  feature  of  the  book.  To 
a  class  of  somewhat  mature  studentvS,  the  book  would  undoubtedly 
be  of  value.  h.  k.  h. 

A  **  Complete  Mineral  Catalog  "  in  handsomely  printed  form  has 
recently  been  issued  by  the  Foote  Mineral  Co.  216  pp.,  price 
25c.,  in  flexible  cloth,  60c. 
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IlEt.  XXVIII. — A  New  Devonian  Formation  in  Colorado ; 

by  Whitman  Cross. 

The  existence  of  Devonian  formations  in  the  San  Juan 
egion  of  Colorado  was  lirst  established  tlironffli  the  divseovery 
f  invertebrate  fossils  by  F.  M.  Endlich  of  the  Ilayden  Survey, 
uring  the  summer  of  1874.*  The  Devonian  character  of  the 
anna  discovered  by  Endlich  was  announced  by  F.  B.  ]VIeek,f 
iter  questioned  by  C.  A.  White:}:  and  R.  P.  Whitlield,§  reaf- 
trmed  by  C.  Schuchert,**  and  iinally  established  by  Gr.  H. 
fifty  t+  npon  the  basis  of  extensive  collections  from  many 
realities  obtained  durin<?  the  survey  of  the  San  Juan  country 
nder  the  direction  of  the  writer.  The  limestone  formation, 
rem  which  Endlich  collected  a  few  fossils  and  which  has 
ielded  the  extensive  fauna  studied  by  (Tirty,  was  described  by 
L  C.  Spencer,i:[:  at  the  time  the  writer's  assistant  in  the  Colo- 
ado  work,  as  the  Ouray  Limastone.  It  luus  been  found,  since 
he  cited  publications  by  Spencer  and  Girty,  that  the  upper 
lart  of  the  litholo<^ic  unit,  the  Ouray  limestone,  contains  a 
fississippian  Carboniferous  fauna.  This  has  now  been  de- 
cribed  by  Girty,$55J  in  his  review  of  the  known  Carboniferous 

♦  Ann.  Rep.  U.  S.  Geol.  and  Ooo^'.  Survey,  etc.,  for  1H74,  pp.  211-'214. 

t  BnU.  U.  S.  Geol.  and  Geo<(.  Survey,  etc.,  2d  Ser.,  No.  1.  IHT"),  p.  40. 

\  BoU.  U.  S.  Geol.  and  Geoj,'.  Survev,  Terr.,  2d  Ser.,  No.   1.,  1875,  p.  47. 

g  U.  S.  Geol.  Survey,  Monog.  XII,  f886,  p.  56. 
*»Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  166. 

ff  Devonian  fossilB  from  Colorado.     The  Fauna  of  the  Ourav  Limestone. 
(J.  S.  Geol.  Survey,  20th  Ann.  Rep.,  Pt.  II,  1900,  pp.  25-81. 
tt  *•  Devonian  Strata  in  Colorado.''  this  Journal  (4),  ix,  1900,  p.  125. 
P  **The  Carboniferous  Formations  and  Faunas  of  Colorado  ;"  Profession. 
Paper  No.  16,  U.  S.  Geol.  Survey,  liiOIJ. 
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invertebrates  of  Colorado.  The  Ouray  limestone  has  been 
studied  in  several  quadrangles  of  the  San  Juan  re^on,  the 
original  locality  at  which  its  Devonian  fauna  was  first  dis- 
covered by  Endlieh  has  been  revisited,  and  its  position  as  a 
well  determined  unit  in  the  Paleozoic  section  of  Colorado  must 
be  considered  as  established.  The  present  paper  refers  t<> 
the  immediately  underlying  formation,  in  which  Endlieh  found 
fish  remains,  and  which  is  now  for  the  first  time  given  a  dis- 
tinctive name. 

The  locality  at  which  Endlieh  first  observed  the  Devonian 
strata  lies  upon  the  southern  slope  of  the  Needle  Mountains, 
about  10  miles  east  of  the  Animas  canyon  at  Rockwood,  and 
on  the  western  rim  of  the  Vallecito  canyon.  The  beds  are  verv 
near  the  base  of  the  Paleozoic  section  which  dips  southerly 
under  the  influence  of  the  po.st-Laramie  domal  uplift  about  the 
Needle  Mountains  center.  Erosion  has  removed  the  sediments 
over  a  large  area,  in  places  exposing  the  coarse-grained  granite 
upon  which  they  rest  and  here  and  there  leaving  tongues  or 
isolated  patches  of  the  lower  formations. 

The  Devonian  invertebrates  were  found  by  Endlieh  at  a  tri- 
angulation  station,  obscurely  referred  to  in  his  report  as  "Sta- 
tion 48,"  which  is  easily  identifiable  from  the  topographic 
report  of  1874  as  the  point  of  elevation  12,305  feet,  according 
to  the  Hay  den  map,  directly  overlooking  the  Vallecito  canyon 
and  a  little  south  of  tlie  boundary  of  the  Needle  Mountains 
quadrangle.  A  stone  monument  still  stands  at  the  point,  npoo 
a  remnant  of  Ouray  limestone  very  rich  in  fossils  and  near 
the  base  of  the  formation.  A  branch  of  the  Vallecito, 
heading  west  of  the  point,  cuts  it  off  from  the  main  sloping 
mesa  of  sedimentary  rocks,  which  begins  a  half  mile  to  the 
southwest.  In  the  absence  of  sufficient  geographic  terms  for 
descriptive  purposes,  the  writer  proposes  tne  name  "Devon 
Point "  for  this  knoll  capped  by  Ouray  limestone,  the  "  Station 
48"  of  the  Ilayden  survey,  which  must  become  a  classic  spot 
in  the  discussion  of  the  Colorado  Devonian.  The  name  End- 
lieh Mesa  has  already  been  given,  upon  the  Needle  Mountains 
topographic  map,  to  the  gently  dipping  surface  of  granite  and 
thin  overlying  Paleozoic  beds  which  lie  between  the  Vallecito 
and  the  Florida  rivers,  and  is  terminated  by  the  headwaters  of 
the  latter  stream.  Devon  Point  lies  on  the  eastern  edge  of 
Endlieh  Mesa. 

Below  the  triangulation  monument  of  Devon  Point  there  are 
but  about  25  feet  of  the  Ouray  limestone.  Intervening  between 
the  limestone  and  the  granite  are  two  distinct  formations  referred 
to  by  Endlieh*  in  the  following  terms,  which  (as  to  the  upper 

*Loc.  cit.  pp.  211,  212. 
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one)  specifically  apply  to  the  exposures  southwest  of  Devon 
Point  abont  one-haii  mile,  where  the  sediments  reappear  beyond 
the  stream  above  mentioned,  which  has  cut  through  them  into 
the  granite.  They  apply  as  well,  however,  to  tlie  strata  at 
Devon  Point. 

"Resting  immediately  upon  this  granite,  which  showed  a 
very  marked  stratiiicatiou,  conformable  with  tliat  of  the  super- 
incumbent sedimentary  beds,  a  white  to  red  and  brown  quartzite 
was  found.  At  some  points  the  contact  of  tlie  latter  with  the 
granite  was  so  intimate  that  specimens  could  be  obtained, 
showing  both  the  granular  quartzite  and  the  coarse-grained  ' 
granite  on  the  same  piece.  Jso  definite  relation  of  the  colors 
exhibited  by  the  quartzite  could  be  established,  save  the  gen- 
eral rule  that  the  nearer  it  was  to  the  underlying  metamorphic 
rock,  the  more  intensely  it  was  colored."  *  *  "Above  the 
quartzite  is  a  thin  stratum  of  yellow  siliceous  shales,  containing 
narrow  interstrata  of  softer  shales.  In  these  the  well-known 
and  characteristic  pseudomorphs  after  salt  were  found.  During 
the  formation  of  the  Devonian  beach  that  now  remains  quartzite 
and  quartzitic  shales,  portions  of  the  water,  that  even  at  so 
early  a  geological  period  contained  sodium  chloride,  were  sepa- 
ratee! from  the  main  body.  Upon  evaporation  the  mineral 
constituents  of  the  water  crystallized.  Subsequent  inundations 
of  the  places  that  had  scarcely  been  laid  dry,  brought  with 
them  sand  and  silt,  covering  the  newly  formed  crystals.  By 
the  gradual  percolation  of  water  through  the  cover  the  salt  was 
dissolved,  and  a  quantity  of  the  material  composing  the  cover 
found  its  way  into  the  cavities  thus  produced.  It  will  be 
noticed,  therefore,  that  whenever  these  j)seudomorphs  of  sand 
after  salt  are  found  in  jyosltUy  the  crystals  will  he  observed  on 
the  loicer  side  of  the  stratum  containing  them.  Occurrences 
of  this  kind  are  not  infrequent  in  younger  formations  both  of 
this  country  and  Europe..  Besides  these  pseudomorphs,  scales 
and  fragments  of  bones  are  found,  belonging  to  some  iish  of 
considerable  size.  Too  little  material  could  i>e  collected  to 
admit  of  anv  identiiication,  even  onlv  ij-enerieallv.  Small 
scutcllae  also  occur,  probably  belonging  to  the  same  animal. 
This  stratum,  as  well  as  the  (juartzite  underlying  it,  can  be 
traced  on  the  southern  side  of  the  granite  strij).'- * 

In  the  summer  of  1901  the  southern   portion  of  the  Needle 

*  EndUch  conceived  the  j^anite  of  this  region  to  be  an  extreme  product  of 
the  metamorphism  of  early  Paleozoic  BedimeiitB.  and  this  view  seems  to  have 
influenced  his  statement  that  at  Devon  Point  the  granite  "showed  a  very 
marked  stratification,  conformable  with  that  of  the  superincumbent  sedi- 
mentary beds."  In  fact,  the  granite  is  unusually  coarse-grained,  massive, 
and  homogeneous  in  composition,  exhibiting  nothing  to  warrant  the  repeated 
references  to  its  origin  from  sediments. 
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Mouiitaiiis  quadrangle  was  mapped  ^ologieally  by  the  writer, 
assisted  by  Ernest  Howe  and  J.  Morgan  Clements.  Devon 
Point  and  the  exjwsures  to  the  southwest  were  visited,  but  as 
the  remark  of  Endlich  concerning  the  fish  remains  had  escai)ed 
attention,  they  ^vere  overlooked  in  the  effort  to  secure  fossils 
from  the  Ouray  limestone.  In  1903,  however,  a  special  trip 
was  made  by  the  writer  and  Mr.  Albert  Johannsen  to  Devon 
Point  and  the  adjacent  exposures  in  special  search  for  the  fish 
remains. 

The  relation  of   the  beds  at  this  locality  is  shown  in  the 
accompanying  detailed  section. 

Section  of  Paleozoic  Formations^  Devon  Pointy  Colorado. 

TOP.  FEET. 

Ourav  limestone  remnant,  estimated 25 

Elbert  formation. 

12.  Hed  shale  or  clay.  Strong  red  color,  uniform  com- 
position ;  when  dry  makes  sofl,  crumbling  flakes 
at  exposures 5 

11.  San<lstono  or  quartzite.  A  layer  of  variable  grain, 
fine  or  coaise,  not  persistent,  gray,  full  of  fragments 
of  fish  scales  in  some  places ;  free  from  them  in 
others ±    1 

10.  Calcareous  shales  and  thin  limestone,  buff  or  gray  in 
color,  breaking  up  readily  into  slabs  or  flakes. 
Salt  casts  are  common  in  this  division.  A  thin, 
discontinuous  red  purplish,  sandy  layer  full  of  scale 
fragments  occurs  locally 25 

1).  Thin  layers  of  quartzite,  limestone,  and  red  calcareous 
shale,  alternating.  Limestone  is  arenaceous,  dull 
gray,  few  layers  reaching  6  inches  in  thickness 8 

8.     Quartzite,  fine-grained,  gray,  hard,  in  layers  2  or  3 

inches  thick 2-^ 

7.     Red,  calcareous  shale 1-^ 

6.     Limestone,  yellow,  earthy -} 

5.     Calcareous    and    sandv    shales,    variegated,   yellow, 

buff,  lilac V .' 1-i 

4.     Quartzite,  fine-grained,  yellow-brown 1- 

3.  Sandy  shale,  a  harder  layer  in  middle.  Red,  green- 
ish, or  mottled 6- 

2.     Sandy  limestone,  shaly  in  part,  rich  in  fish  scales  and 

plates   ±   1- 

1.     Red    shale,    calcareous,   and   sandy,  with   specks  of 

bone  or  shell 2- 

54 
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TOP.  FEET. 

I^nacio  formation. 
5.     Quartzite  conglomerate  with  small  pebbles,  gray  or 
pink,  bard  and  causing  a  distinct  ledge  (may  belong 
10  Elbert) 3-^ 

4.     Quartzose  sandstone  and  sandy  shale,  dark  dull  red, 

in  layers  6  inches  or  less  in  thickness 5 

3.  Quartzite,  fine-grained,  hard,  gray,  in  beds  1  to  5  feet 
in  thickness  with  thin  shale  partings.  Cross-bedding 
common 24 

2.  Sandstone  and  quartzite,  fine  and  uneven  grain  in  beds 
2  or  3  feet  thick,  with  red,  sandy  shale  layers 
between 17 

1.  Crumbling  shaly  sandstone,  dark,  dull  rdd  in  color, 
mainly  of  quartz  with  some  red  feldspar  grains.  A 
coating  of  limonite  on  particles  causes  color 2- J 

52-^ 
Base  of  section  is  coarse  biotitc-granite. 


The  quartzite  formation,  inea8uri!ig  52  feet  in  thickness  at 
Devon  Foint,  is  called  the  Ignacio  quartzite  in  the  Silverton 
folio  (now  in  press)  and  it  is  believed  to  be  of  Upper  Cambrian 
age,  since  the  only  fossil  thus  far  found  in  it  is  a  small  shell 
wliieb,  according  to  Mr.  Charles  D.  Walcott,  is  apparently  an 
Oholus^  closely  related  to  O.  Joperi^  known  elsewhere  in  Colo- 
rado. The  strata  between  the  quartzites  and  the  Ouray  lime- 
stone, carrying  fish  remains  at  the  base  and  also  near  the  top, 
seem  unquestionably  to  form  a  lithologie  stratigraphic  and 
faunal  unit,  and  for  these  strata  the  name  Elhevt  formation  is 
here  proposed.  The  name  is  derived  from  Elbert  creek,  a 
western  tributary  of  the  Animas,  entering  it  just  above  Rock- 
wood,  which  flows  for  several  miles  on  a  broad  bench  between 
the  Animas  canyon  and  the  high  scarp  formed  by  the  Ilermosa 
Upper  Carboniferous  formation.  On  this  bench  the  Ignacio, 
Elbert  and  Ouray  formations  are  ])articularly  well  exhibited. 
Tlie  first  name  is  from  the  Ignacio  lakes,  lying  on  this  bench 
and  drained  bv  Elbert  creek. 

The  Elbert  formation  has  been  observed  below  the  Ouray 
limestone  in  several  quadrangles  of  the  San  Juan  region  and 
many  exposures  have  been  studied.  While  the  reader  is 
referred  for  details  to  the  Xeedle  Mountains,  Durango,  Engi- 
neer Mountain,  and  Silverton  folios,  now  in  press,  or  soon  to  be 
completed,  some  statements  of  its  characteristics  may  be  made. 

Its  general  lithologie  character  is  fairly  well  illustrated  by 
the  section  at  Devon  Point,  although  many  of  them  have  been 
noted.    The  most  persistent  feature  is  the  crumbling  calcareous 
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shale  division,  with  its  casts  of  salt  crystals,  hy  whicli  it  may 
quickly  be  recognized  in  nearly  all  localities.  Especially  where 
tne  formation  is  found  capping  a  bench  or  isolated  knoll,  as  at 
Overlook  Point  and  several  other  places  on  the  granite  surface 
north  from  Endlich  Mesa,  the  thin  limestone  slabs  covered 
with  these  casts  are  often  verv  abundant.  As  was  noted  bv 
Endlich,  the  casts  were  found  on  the  under-surface  of  layers 
and  testify  to  peculiar  local  conditions.  While  commonly  on 
earthy  limestone,  the  casts  have  been  noted  on  coarse  quartzose 
sandstone.  The  most  important  variation  in  the  hthologic 
character  of  tlie  Elbert  formation  is  in  the  appearance  of  dense, 
earthv  limestone  of  conchoidal  fracture,  in  several  beds  in  it^ 

**  ■■■. 

upper  portion.  This  development  is  most  notable  on  the  west 
flank  of  the  JseeJle  Mountains,  and  also  at  Bluebird  Park,  in 
the  northwestern  section  of  the  Needle  Mountains  quadrangle. 

The  only  fossils  as  yet  obtained  from  the  Elbert  formation 
are  fish  remains,  and  the  most  pro(iuctive  locality  discovered  is 
that  of  Devon  Point,  already  described.  The  remains  were 
found  at  the  base,  and  also  very  near  the  top  of  the  section 
referred  to  the  Elbert,  showing  the  formation  to  be  a  well 
defined  unit  as  to  its  fauna.  Fish  remains  have  also  been  dis- 
covered at  two  other  localities,  to  be  briefly  mentioned. 

At  about  one  mile  south  of  Rockwood,  and  close  to  the  rail- 
road track,  a  block  of  pale  reddish  quartzite  was  found  at  the 
base  of  the  talus  slope,  upon  whicli  were  rather  indistinct 
remains  of  three  individual  fishes.  The  ledge  of  quartzite  just 
above  this  talus  heap  belongs  to  the  Ignacio  Cambrian  q^nartz- 
ite,  but  the  sloping  bench  between  that  ledge  and  the  eliflf  of 
Ouray  limestone  some  yards  farther  back  is  occupied  by  the 
Elbert  formation.  Repeated  search  has  failed  to  reveal  the 
stratum  from  which  the  fish-bearing  slab  came,  and  no  other 
remains  were  obtained.  It  is  almost  certain,  however,  that  the 
slab  in  question  came  from  a  thin  bed  in  the  lower  part  of  the 
Elbert  section. 

Another,  and  somewhat  different,  occurrence  of  fish  remains 
was  found  on  Little  Cascade  creek,  about  one-half  mile  south 
of  Columbine  lake  and  seven  and  one-half  miles  north  of  Rock- 
wood.  At  this  point  the  shales  containing  salt  casts  are  suc- 
ceeded by  several  massive  limestones  alternating  with  shaly 
strata.  Several  thin  lavers  rich  in  finelv  comminuted  fish 
scales  or  plates  occur  beneath  the  limestones,  and  in  one  of  the 
limestones,  resting  with  irregular  contact  upon  such  a  layer,  a 
few  large  plates  were  found. 

All  the  fish  remains  above  mentioned  have  been  examined 
by  Dr.  C.  R.  Eastman,  who,  in  the  accompanying  paper, 
describes  the  fauna  represented  by  them  and  discusses  tneir 
interest  from  the  paleontological  standpoint.     From  the  strati- 
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graphic  point  of  view,  the  discovery  of  this  distinct  ichthyic 
fanna  leads  to  certain  correlations  and  gives  much  desired  in- 
formation concerning  the  lower  Paleozoic  section  of  western 
Colorado. 

The  most  evident  correlation  of  the  Elbert  formation  is  with 
the  so-called  "Parting  Qnartzite'-  of  central  Colorado,  in  which 
Spurr  found  fish  remains  determined  by  Eastman  as  of  Upper 
Devonian  character,  and  related  to  certain  forms  from  the 
Elbert  formation. 

The  name  "Parting  Qnartzite"  was  used  by  Emmons  in  the 
Leadville  monograph*  for  a  qnartzite  formation  70  feet  or  less 
in  thickness,  occurring  below  the  "Blue  Limestone"  in  which 
Lower  Carboniferous  fossils  had  been  found,  and  the  "White 
Limestone,"  supposed  to  be  of  Silurian  age.  The  "Parting 
Qnartzite"  was  also  provisionally  assigned  to  the  Silurian. 

At  Aspen,  on  the  northeastern  flank  of  the  Elk  mountains, 
Spurr  +  lound  the  beds  corresponding  in  stratigraphic  position 
to  the  Parting  Qnartzite  of  Leadville,  to  consist  of  alternating 
dolomite,  dolomitic  shale,  and  qnartzite,  the  last  on  the  whole 
subordinate,  but  the  old  name  for  the  formation  was  retained. 
From  certain  shaly  beds  at  As])en,  Spurr  and  Tower  obtained 
thelish  remains  referred  to  by  Dr.  Eastman  in  the  accompanying 
paper.  Upon  the  provisional  determinations  of  this  material 
by  Walcott  and  Girty,  the  Devonian  age  of  the  "  Parting 
Qnartzite"  was  advocated  by  Spurr.  He  also  pointed  out  the 
resemblance  of  the  fish-bearing  formation  of  Aspen  to  the  beds 
observed  by  Walcott:}:  in  the  lower  Kanab  valley  of  Arizona, 
briefly  stated  to  contain  ''  plaeoganoid  fishes  of  a  Devotiian 
type." 

The  stratigraphic  equivalence  of  the  Elbert  formation  of  the 
San  Juan  region  with  the  ''Parting  (Qnartzite"  is  further  sup- 
ported by  the  correlation  of  the  Ouray  and  Leadville  (Blue) 
limestones,  rendered  necessary  bv  the  studies  of  (jirtv,  who 
shows  that  both  possess  an  upper  Devonian  invertebrate  fauna 
in  their  lower  portions  and  a  Mississii)pian  fauna  in  their  up- 

Eermost  strata.     The  Carl)oniferous  forms  only  were  found  at 
eadville,  and  the  Devonian  fauna  was  the  first  obtained  from 
the  Ouray  limestone. 

The  correlation  of  the  Elbert  formation  and  the  '"Parting 
Qnartzite"  with  the  strata  of  the  Kanab  valley,  already  sug- 
gested by  Spurr,  is  of  special  interest  in  view  of  the  relations 
of  the  Ell)ert  fishes  and  the  suggestions  made  by  Eastman  re- 
garding the  geographic  connections  of  that  fauna.     Unfortu- 

♦Mon.  U.  S.  Qeol.  Snr\^ey,  vol.  XII,  p.  (51. 

\  **  Geology  of  the  AsiHjn  Mining  District,  Colorado,"  U.  S.  Geol.  Survey', 
Mon.  XXXI,  1898,  pp.  13-22. 
X  This  Journal  (3j,  vol.  xx,  1880,  p.  224. 
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nately  the  fossils  obtained  by  Walcott  in  the  Kanab  section  dre 
not  at  present  available  for  com])arison  with  the  Colorado 
forms.  As  Spencer  pointed  out  in  discussinj^  the  relations  of 
the  Ouray  limestone,*  "  it  is  very  pro!)able  that  the  lower  pari 
of  the  Red  Wall  limestone  [Kanab  section]  is  equivalent  in  age. 
as  well  as  in  position,  to  the  Devonian  limestone  of  Colorado." 

While  certain  correlations  for  both  the  Elbert  and  Ouray 
formations  seem  definitely  inch'cated  by  present  knowled^, 
meagre  as  it  is  in  some  directions,  there  is  a  marked  contrast 
between  the  lower  Paleozoic  section  of  western  Colorado  and 
that  of  the  Front  rancjje,  es[)eciallv  as  exhibiteil  near  Can  von 
City. 

A  marked  difference  also  exists  between  the  Kanab  section 
and  that  of  central  Nevada,  and  other  localities  of  the  Great 
Basin.  The  faunal  problem  involved  is  pointed  out  by  Dr. 
Eastman,  and  it  is  clear  that  the  conditions  controlling  the 
character  of  the  sedimentary  beds  form  also  a  most  inviting 
subject  for  investigation. 

*Thi8  Journal  (4),  vol.  ix,  1900,  p.  188. 
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Abt,    XXIX. — On   Upper  Devonian  Fish  Remains  from 

Colorado;^  by  C.  K.  Eastman. 

Through  the  courtesy  of  Drs.  W!iitman  Cross  and  T.  W. 
Stanton,  of  the  United  States  Geological  Survey,  a  number  of 
Paleozoic  fish  remains  from  Colorado  have  recently  been 
placed  in  the  hands  of  the  writer  for  investigation.  The 
greater  number  of  these  were  collected  by  Dr.  Cross  in  the 
San  Juan  region,  while  engaged  on  the  survey  of  the  Duraugo, 
Engineer  IMountain,  and  Needle  Mountains  quadrangles.  A 
few  detached  plates  and  scales  from  Aspen,  collected  some 
years  ago  by  J.  E.  Spurr,  complete  the  collection.  The 
character  of  tlie  remains  is  indicative  of  an  Upper  Devonian 
horizon  for  all  the  localities,  and  in  the  case  of  at  least  two  of 
them,  an  Upper  Devonian  invertebrate  fauna  has  been  found 
in  beds  overlying  the  lish-bearing  strata.  For  an  interesting 
account  of  the  stratigraphy  of  the  region,  the  reader  is  referred 
to  the  preceding  paper  by  Dr.  Cross,  wherein  the  name  of 
Ell>ert  formation  is  proposed  for  the  fish-bearing  beds.  In  the 
present  article  it  will  be  sufticient  to  point  out  the  geneml 
nature  of  the  vertebrate  fauna,  and  to  inquire  into  its  relations 
with  other  Devonian  assemblages.  The  several  localities  may 
be  considered  in  the  following  order. 

Durancfo  Quadrangle, 

The  specimens  from  the  Elbert  formation  of  Rockwood 
being  of  exceptional  interest,  the  details  of  their  occurrence 
mav  l)e  noted  rather  fullv.  Thev  are  all  from  a  siniicle  slab  of 
quartzite  found  in  the  talus  at  the  base  of  a  cliff  about  one 
mile  south  of  Rockwood.  It  is  stated  bv  Dr.  Cross  in  memo- 
randa  accompanying  these  specimens  that  their  probable  source, 
as  indicated  by  lithological  evidence,  is  ''  at  least  lUO  feet  above 
the  basal  conglomerate,  which  here  rests  upon  granite.  Above 
the  quartzite  ledge,  with  a  small  covered  interval,  comes  the 
Ouray  limestone,  containing  a  Devonian  invertei)rate  fauna. 
The  variable  quartzite  series  below  the  limestone  in  the 
Animas  Vallev  never  exceed  300  feet  in  thickness,  and  have 
yielded  no  other  forms,  though  carefully  searched  for  a  num- 
ber of  miles  along  the  outcrop.  .  .  .  The  occurrence  of  fish 
remains  in  the  Silurian  at  Canyon  Citv,  as  described  bv  Wal- 
cott,  suggests  that  these  fish  remains  from  near  Rockwood 
belong  to  Silurian  beds  intermediate  between  the  Cambrian 
and  tlie  Devonian.  A^erv  careful  search  did  not  suflice  to 
detect  the  layer  from  which  the  slab  in  question  came."     In  a 

♦  Pablisbed  by  permission  of  the  Director  of  the  United  States  Geological 
Survey. 
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later  communication  he  reniarkEi  that  "  tlie  greater  part  of  the 
qnartzite  above  tlie  talus  heap  is  supposed  to  belong  to  the 
Cambrian  member  of  the  series,  and  the  Elbert  formation  is 
known  on  tlie  little  bench  just  at  the  head  of  the  talos  pile. 
For  some  time  past  I  liave  regarded  it  as  almost  certain  that 
the  slab  came  from  the  Elbert  formation." 

The  recognizable  specimens  on  this  slab  are  three  in  nnm- 
l>er,  and  all  l)elong  to  a  lai^e  species  of  tiothriolepis  which 
cannot  be  identified  with  any  previously  deecribed.    Exceed- 


Fio.  1. — Bothriolejiit  eoloradensis,  ap,  nov.      x  f. 

ing  tlie  average  of  B.  cmiade-imia  in  size,  it  is  slightly  inferior 
to  Ji.  iiuijor;  but  from  Ixith  of  these  the  new  species  is  die- 
tingiiishe'd  l)y  its  different  style  of  supei-licial  ornamentation, 
fruneral  proportions  of  the  body  and  appendages,  and  by  pecu- 
liarities in  the  outline  aiid  rstrncture  of  the  ventral  plates.  It 
is  difficult  to  frame  a  satisfactory  diagnosis  of  the  new  form, 
all  three  individuals  presenting  only  tlie  ventral  aspect,  and 
none  of  tliem  exhibiting  the  bead,  tliougii  the  pectoral  mem- 
bers ait'  attached.  At  the  same  time  it  is  possible  to  form  a 
fnirly  acciiriite  concept  of  the  relations  between  this  and  other 
s])ecies,  and  for  sake  of  coin]Nm8on  with  the  well  known  B. 
iiKthir,  tignres  arc  given  showing  the  topography  of  the  ven- 
ti-al  siirfat^e  in  each  (Hgs.  1,  '1).     In   B.  canaih-nsia  the  rhoin- 
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boidal  median  ventral  is  relatively  Binallcr,  and  the  surface 
ornamentation  of  all  the  plates  is  finer  and  of  dififerent  pattern. 
Tlie  appendages,  too,  are  longer,  and  more  tapering  distally.  S. 
major  has  the  median  ventral  larger  and  more  exposed  than 
in  any  known  sjKJcies,  its  ontline  being  sometimes  polygonal 
or  slightly  rounded  (fig.  3).     The  remaining  species  of  Both- 


Fii).   -,>.  — /t"r/.,™?.7.M  jii'I>i-(Ak.I.       .  ^ 

riolepis  are  oxclnded  from  comiiarii-ori  witli  tlie  new  form, 
wliicli  may  lie  known  lis  B.  culofuhHtii,  \>\  reason  of  their 
smaller  size,  or  nature  of  tlich'  i<iiperficia]  oniamontatioii. 

The  onmnient  of  B.  cohiriiih-iixix,  tlmugli  hy  no  mcanfi  so 
well  preserved  as  oiiu  nii!a;lit  winh  in  tliu  Koekwood  specimens, 
iw  clearly  of  the  InhoriMilate  onler ;  here  and  there  the  tuber- 
cles appear  to  be  more  or  less  confluent,  hut  iiowIutc  do  they 
fuse  into  vermiculating  ridges,  as  in  other  American  and  some 
foreign  species.     The  center  of  ossiticatiou   iu  the  posterior 
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ventrals  is  situated  near  tiie  outer  margin  some  distance  behind 
the  middle  of  the  plate ;  in  advance  of  this  ix)int  the  vascular 
canals  radiate  in  all  directions  between  parallel  with  and  at 
right  angles  to  the  median  line,  but  behind  it  they  are  crowded 
together  and  directed  obliquely  backward.  This  condition  it^ 
apparent  in  all  three  individuals,  and  is  indicated  by  the  shad- 
ing in  fig.  1. 

The  ventral  armour  of  the  best  preserved  individual,  that 
shown  in  the  figure,  has  a  width  across  the  middle  portion  of 
8'5"^,  and  an  estimated  total  length  of  about  14^'".     The  largest 


Fig.  3. — Bothriolepis  major  (Ag.).     Median  ventral,  x  \, 

example  of  B.  canadensis  with  which  the  writer  is  acquainted 
displays  a  corresponding  width  of  10*^"",  and  length  of  IB*^"". 
B.  major  attains  even  larger  dimensions,  tiie  carapace  and 
head,  according  to  Traquair,  measuring  sometimes  1*5  feet. 
The  length  of  the  pectoral  appendages  in  the  new  form  appear 
to  be  intermediate  between  those  of  the  above-named  species, 
but  their  covering  plates  are  not  sufficiently  well  preserved  to 
permit  of  detailed  comparisons.  In  the  drawing,  the  distal 
end  of  one  of  the  appendages,  which  is  not  serrated,  and  also 
a  portion  of  the  left  posterior  ventral  have  been  added  from  a 
second  specimen,  otherwise  the  parts  are  shown  as  they  occur 
in  a  single  individual.  The  outline  of  the  median  and  poste- 
rior ventrals  is  perfectly  distinct,  but  the  remaining  sutures, 
including  those  of  the  pectoral  members,  are  unfortunately 
obliterated.  A  very  unusual  feature  in  this  genus  is  the 
obtusely  rounded  posterior  margin  of  the  plastron.  On  the 
whole,  it  appears  probai>le  that  the  relations  of  the  Colorado 
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species  are  closer  to  the  European  B.  major  than  to  any  other 
member  of  the  genus. 

X'eedle  MouiitniuB   Quadrangle. 
The  principal  fosHiliteroiis  lixialities  of  the  Elbert  formation, 
and  at  the  same  time  historicalty  the  must  interesting,  are  those 
occurring  along  the  eastern  edge  of 
the  Endlich  me^i,  Dwon  l'oint\\t\\\^  4 

the  name  given  hy  Ur,  Cnisr;  to  the 
most  productive.  Here  the  fish  ' 
remains  are  <ligtril>uted  thrunghout 
beds  near  the  base,  and  also  near  the 
top  of  the  section,  being  in  fact  so 
abnndant  at;  ahnost  to  juslifv  the 
name  of  "Ush-bed."  And  yet  the 
variety  of  forms  represented  is  siii- 
prisingly  meagre.  Portions  uf  lioth- 
riolepifi  armonr  are  pleutifnl,  prob- 
ably not  mere  than  two  species  Ijeing 
represented,  however.  in  addition 
there  occur  scales  Itelonjriiig  to  two 
sjwcies  of  Iloloptyeiiiun.  l)nt  this  is 
all.  No  Dijnioan  remains,  and  nu 
Artlirodires,  which  invariably  accom- 
l>anv  Dothriolepis  and  lluioptychins 
in  the  Up|)er  Devotiian,  arc  at  present 
known  from  this  li.cality.  In  fig.  4 
is  shown  a  wearliered  fnignient  <if  a 
pectoral  limb  of  notlirii>iepiri.  the 
exteinal  layer  Jiaviiig  been  ivrnoved, 
and  the  bone  substance  appearing  in 
longitudinal  section.  No  eharactei-s 
remain  for  determining  the  spiK-ies, 
yet  ite  large  size  appears  to  indicate 
au  ideutitv  wilh  B.  >■• 
Some  of  tlic  smaller  fra; 
play  an  ornament  ()f  vu 
ridges  similar  in  all  respi 
observed  in  B.  h'Uliji 


nn-iits  dis. 
■miculiiting 
c;ts  to  that 
the  Cats- 


kill   of    Peniisylvania;    and 

absence  of  more  decisive  evidence,  they  may  be  imivisionallv 

referred  to  tiiat  sjwcies. 

The  scales  of  Iloloptychiiis  shown  in  figs.  5  and  tl  arc  pre- 
served ni  the  form  of  impressions,  but  the  characteri.<tie  tuber- 
cles and  ridges  of  the  expused  surface  are  clearly  indicated. 
Both  of  these  scales  fall  witJiin  the  limits  of  //.  yigantens, 
according  to  the  original  definition  of  that  species  as  given  by 
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Agassiz.  allowance  Ijaving  been  made  1>v  liini  fur  varmtiuu 
amongst  scalet>  lieloiifiiiifj;  to  ditfercnt  parte  of  tlie  ImhIv  in  the 
same  lulu  Tlie  8|X'cifs  wa*  siibscfUU'iitly  divjiled  by  Newlierrv. 
wbo  iiichidod  niider  tbe  name  of  If.  tiiheri:uliUu»  tbose  licali.-^ 
in  wliicb  tbe  tul>t<n.-Ies  i-eniaiiiLHl  dUtiiKit,  and  were  nut  fussed 
into  continnons,  longitudinal  ridges.  A:^  for  XewberiyV  //. 
aincnrannM,  tbis  resenihle*i  Agassiz's  (ijwpics  in  liaving  tbe 
ridges  irregularly  tortncnns,  and  nmre  ur  lews  interrnpted  and 
brancliinif,  benc-e  it  will  be  seen  that  tbe  precise  fletennination 


of  detached  ecalen  is  a  uiiitter  of  Bonie  ditticnity.  Probably 
wo  shall  not  err  gi-catly  in  identifyiiii;  the  onginal  of  fig.  5  lis 
//.  i/i(f'nitt'ii«  Ag..  and  tluit  of  tig.  H  ac  //.  tuft-rvulatus  S'ewli. 

EiKjiiitrr  Motinlnin  (JiunlningU. 

Frcini  Station  Xd.  rinit,  a  tccalityon  Little  Cascade  Creek, 
one  half  mile  i^ontb  of  ('otuniliitie  Lake,  Engineer  Mountain 
(jimdrungle,  a  single  linely  tnlxTcnliiterl  plate  was  obtained  by 
J)r.  <.'rfws.  wliicli  ajipeurs  t"  lie  a  jutsterior  ventral  uf  some 
Ai-tliroilire,  »1  aliont  twice  tbe  size  of  the  type  speeiea  of  Coc- 
costens.  Oeeiirriiig  as  it  dues  in  the  detached  eimditioii,  ami 
moR-  or  less  injnred  by  weathering,  even  an  approximate  deter- 
inintition  is  im|>ossible. 

Pitklii  f'ounty. 

The  few  fragments  obtained  by  Mr.  Kpurr  from  the  vicinity 
of  Aspen  are  ponrly  pn-scrved,  iind  specilically  indetermin- 
abh'.™  Two  or  three  finaliy  tnliorculated  jdiites  are  ])rol>abIy 
to  be  n-giiifled  as  of   Artiiit'dire  iiiUiuv,  and   the  presence  of 


mrk  iipiitii'K  only 


iif  Sir.  Simir's  coUeclion 
iition.  At  the  time  thi« 
II  Hi.-i.-eHD  to  the  letnBiuiii),' 
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Dipnoans  is  indicated  by  certain  smooth  scales  displaying  their 
characteristic  perforations.  These  latter,  however,  are  note- 
worthy for  furnishing  the  only  indication  we  possess  at  present 
of  the  occurrence  of  Lung-fislies  in  the  Colorado  Devonian. 

General  Conclusions. 

It  has  already  been  remarked  that  the  remains  brought  to 
light  by  Dr.  Cross  are  indicative  of  an  Upper  Devonian  hori- 
zon. !No  other  conclusion  seems  possible  in  view  of  the  fact 
that  Bothriolepis  is  an  exclusively  upper  Devonian  genus,  and 
the  greater  number  of  Iloloptychius  species  occur  in  beds  of 
the  same  age.  The  two  species  of  the  former  genus  already 
known  from  this  country,  and  dozen  or  so  of  Holoptychius, 
are  limited  to  the  Chemung  and  Cat^kill  groups  of  New  York 
and  Pennsylvania.  One  species  of  Bothriolepis  {B,  canadensis 
Whiteaves),  and  one  of  Holoptychius,  have  been  described 
from  the  Upper  Devonian  of  the  Province  of  Quebec,  Canada. 
These  genera  are  represented  abroad  by  various  species  found 
in  the  Upper  Old  Red  Sandstone  of  Scotland,  and  in  the 
Upper  Devonian  of  Belgium  and  Northwest  Russia.  The 
vertebrate  fauna  of  which  they  form  part  is  composed  of 
Ostracophores,  Arthrodires,  Dipnoans,  Crossupterygians  and 
Elasmobranchs,  and  it  is  interesting  to  note  that  all  of  these 
groups  with  the  exception  of  the  last-named  are  represented  in 
the  Colorado  Devonian. 

Regarding  the  origin  of  the  Colorado  fauna,  little  can  be 
said  with  positiveness.  The  new  species  of  Bothriolepis  appeal's 
to  be  most  closely  related  to  B.  laajo?'  of  Scotland  and  Russia, 
and  if  the  fragments  sliowing  veriniculated  ornamentation  are 
correctly  interpreted  as  belonging  to  B,  leUlyi^  this  identifica- 
tion, with  that  of  Iloloptychius  giyaiiteus,  place  the  fauna  in 
relation  with  the  Catskill  of  Pennsylvania.  The  Chemung- 
Catskill  of  the  eastern  States  betravs  an  unmistakablv  Euro- 
pean  origin,  but  there  is  good  reason  to  suppose  that  a  harrier 
existed  between  the  eastern  and  western  regions  during  the 
late  Devonian,  since  neither  Holoptychius  nor  Bothriolepis 
remains  have  been  found  west  of  New  York  and  Pennsylvania. 
From  this  latter  region  also,  the  Upper  Devonian  Ptyctodonts 
and  Dipnoans  of  Iowa  and  contiguous  States  were  entirely 
excluded.  Assuming  that  there  was  no  connection  l)etween 
the  eastern  and  western  areas  toward  the  close  of  the  Devo- 

gpeeimens,  nor  to  the  interesting  material  coUected  by  Dr.  C.  D.  Walcott 
from  the  lower  Kanab  canyon  of  Arizona  in  1879,  owing  to  the  limited 
storage  facilities  of  the  Mnsenm.  and  absence  from  Washington  of  the  i)roper 
cnstodians.  Mr.  Walcott's  only  publication  in  regard  to  the  Kanab  material 
is  to  be  found  in  this  Journal  [■dt]^  vol.  xx,  p.  224. 

The  Aspen  material  is  briefly  described  by  Dr.  G.  H.  Girty,  in  vol.  xxxi, 
p.  20,  of  tJ.  S.  G.  S.  Monographs  (J.  E.  Spurr:  Geology  of  the  Aspen  Mining 
Diftrict),  Without  having  actually  seen  the  teeth,  which  are  there  provision- 
aUy  referred  to  **Rhizodus,"  a  Carboniferous  genus,  we  may  be  permitted 
to  hazard  the  presumption  of  their  belonging  to  Holoptychius. 
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niau,  it  is  difficnlt  to  undei'stand  liow  members  of  the  Chemung- 
Catskill  fauna  could  have  reached  Colorado,  unless  they  came 
by  some  southern  route  as  yet  unknown.  On  the  other  hand, 
a  Eurasiatic  origin  by  way  of  Behring  Straits  cannot  be 
regarded  as  an  impossibility,  nor  even  as  an  improbability, 
since  the  invertebrate  fauna  of  the  superjacent  formation  has 
been  shown  by  Dr.  Girty*  to  be  ''  not  closely  similar  to  the 
faunas  of  the  eastern  and  central  United  States,"  but  exhibits, 
in  his  opinion,  ''a  closer  parallel  with  the  Devonian  of  the 
Ural  Mountains." 

Attention  should  also  be  called  to  Professor  Calvin's  obser- 
vations on  the  Devonian  system  of  Iowa,  which  go  to  show 
that  the  eastern  and  western  areas  were  geologically  isolated. 
According  to  this  autlior,t  "the  eastern  Devonian  faunas  prob- 
ably migrated  from  the  northeast  along  the  eastern  border  of 
the  continental  nucleus,  while  the  western  faunas  of  the  same 
period  seem  to  have  come  from  the  northwest  along  the 
western  border  of  the  Devonian  continent."  He  also  points 
out  that  the  Iowa  Devonian  fauna  is  related  in  some  respects 
to  that  occurring  at  the  Ramparts  of  the  Mackenzie  River,  and 
the  present  writer  has  commented  on  certain  resemblances 
between  its  vertebrate  constituents  and  the  corresponding 
fauna  of  Russia. 

For  the  present,  the  question  as  to  the  origin  of  the 
vertebrate  fauna  of  the  Colorado  Devonian  must  be  considered 
as  problematical,  and  one  which  will  require  considerable 
further  evidence  and  investigation  before  it  can  be  answered 
satisfactorily.  It  is  evident  that  the  remains  thus  far  obtained 
by  Dr.  Cross  constitute  not  only  an  important  paleontological 
discovery,  but  open  up  problems  of  distribution,  and  others  of 
a  iJ:eolo4'ical  nature,  wnich  are  worthy  of  careful  stud  v. 

Harvard  University,  Cambridge,  Mass. 

EXPLANATIONS  OF  FIGURES. 

Figure  1. — BothHolepis  coloradensis  sp.  nov.  Elbert  formation;  Rock- 
wood,  Col.  Ventral  armour,  i  natural  size,  avl^  An tero-ventro- lateral ; 
mo,  Median  ventral;  pr/,  Postero-ventro-laternl  plates.     (U.  S.  Nat.  Mus.) 

Figure  2.  —  Hnthriolepis  major  ( Ag.).  Upper  Old  Red  Sandstone  ;  Ellgin, 
Scotland.  Ventral  armour,  seen  from  the  visceral  aspect,  x  |.  (Original 
in  Mus.  Comp.  Zo6l.  at  Cambridge.) 

Figure  3. — Bothriolepis  mnjor  (Ag.).     Median  ventral,   x  ^^.     Ibid, 

Figure  4. — Bothriolepis  coforadensis  (?)  sp.  nov.  Fragmentary  pectoral 
appendage,   x  \.     Elbert  formation  ;  Devon  Point.  Colorado. 

Figure  5. — Holoptychius  ifiganteus  Ag.   x  \.     Same  locality. 

Figure  6. — Holoptychius  tul>erculatus  Newb.   x  }.     Same  locality. 

*  The  Carboniferous  Formations  and  Faunas  of  Colorado  (Profese.  Paper 
U.  S.  Geol.  Surv.,  No.  16,  p.  162),  1903. 

t  Ann.  Rept.  Iowa  Geol.  Surv.,  vol.  VIII  (1897),  p.  221.  One  may  com- 
pare also  the  following  important  papers  on  Devonian  paleontology : 
Schuchert,  C  On  the  Faunal  Provinces  of  the  Middle  Devonic  of  America, 
etc.  (Amer.  Geol.,  vol.  xxxii.  pp.  137-162),  1903.  Williams,  H.  S.,  The 
Correlation  of  Geological  Faunas  (Bull.  U.  S.  Geol.  Surv.,  No.  210),  1908. 
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Abt.  XXX. — On  some  Fossil  Turtles  belonging  to  the  Marsh 
Collection  in  Yale  University  Museum;  by  O.  P.  Hay. 
(With  Plates  XI-XVI.) 

The  present  paper  is  the  result  of  a  study  of  some  of  the 
extinct  turtles  in  the  collections  of  vertebrate  fossils  brought 
together  by  Professor  O.  C.  Marsh.  The  privilege  of  making 
the  investigation  was  first  granted  by  the  late  Proiessor  Charles 
E.  Beecher ;  after  his  death  it  was  renewed  by  the  acting  cura- 
tor of  the  collection,  Professor  L.  V.  Pirsson.  For  assistance  and 
courtesy  the  writer's  thanks  are  due  to  all  the  officers  having  con- 
nection with  the  department  of  vertebrate  paleontology  in  Yale 
University.  The  negatives  from  which  several  of  the  plates 
have  been  prepared  were  furnished  by  Dr.  George  R.  Wieland. 
The  wash  drawings  were  made  by  Mr.  Erwin  Christman,  of 
the  American  Museum  of  Natural  History. 

Further  remarks  on  the  species  here  treated  and  additional 
illustrations  will,  it  is  hoped,  be  presented  in  the  writer's  forth- 
coming monograph  of  the  fossil  turtles  of  North  America. 

Bahia  marshi  sp.  nov. 

Plate  XI ;  Text-figure  1. 

The  type  of  this  species  was  collected  in  1889,  by  Professor 
J.  B.  Hatcher,  in  the  Laramie  deposits  of  Converse  County, 
Wyoming,  between  Buck  and  Lance  creeks. 

The  specimen  has  suffered  considerable  damage.  There  are 
present  the  central  region  of  the  carapace  and  most  of  the  left 
side,  the  greater  portion  of  the  plastron,  and  the  matrix  form- 
ing a  cast  of  the  interior  of  the  shell.  The  length  of  the  shell 
can  be  determined  only  approximately.  It  must  have  been  at 
least  300°*°',  with  a  breadth  of  220'"°^. 

On  account  of  the  obliteration  of  the  sutures  of  the  carapace, 
its  structure  cannot  be  made  out.  The  bones  along  the  median 
region  have  a  thickness  of  from  10  to  13""".  The  outer  surface 
is  smooth.  The  sulci  between  the  various  dermal  scutes  are 
narrow  and  shallow,  and  in  many  places  cannot  be  traced.  The 
second,  third,  and  fourth  vertebral  scutes  varied  in  width  from 
64  to  70"^". 

The  posterior  extremity  of  the  plastron  is  missing ;  hence  the 
length  of  the  plastron  cannot  be  accurately  determined,  nor  the 
form  of  the  posterior  margin.  The  total  length,  however,  must 
have  been  close  to  260""^.  The  following  table  presents  the 
most  important  dimensions.  In  order  that  the  distinctness  of 
the  species  from  B,  hatcheri^  which  is  from  the  same  deposits 
and  locality,  may  be  appreciated,  the  dimensions  of  the  plastron 
of  the  latter  are  also  given. 

Am.  Joub.  8oi. — Fourth  Series,  Vol.  XVIII,  No.  106.— October^  1904, 
18 


202  0.  P.  Hay — Fossil  Turtles  in  the  Marsh  Collection. 

Dimensions.  Baena  marshi.   Baina  hatcheri. 

Length  of  plastron 260  ±  305 

Width  of  bridge 120  115 

Length  of  anterior  lobe 70  106 

Width  of  anterior  lobe 95  115 

Length  of  posterior  lobe 65  i  98 

Width  of  posterior  lobe 90  120 

1 

\ 


Figure  1. — BaSna  marshi.    Diagram  of  plastron. 

It  will  be  observed  that,  while  the  plastron  of  JS.  hatcheri 
is  considerably  longer,  the  bridge  is  slightly  shorter.  Furtlier, 
the  lengths  of  the  anterior  and  posterior  lobes  of  jB.  marshi 
are  mucn  less  in  proportion  to  the  total  length  of  the  plastron 
than  they  are  in  jB.  hatcheri. 

The  central  region  of  the  plastron  is  concave.  This  may 
indicate  that  the  individual  was  a  male.  The  mesoplastra  are 
large,  wedge-shaped  bones.  They  meet  along  the  midline  for 
a  distance  of  23'"'",  and  their  outer  ends  are  65""  wide. 

The  following  are  the  antero-posterior  widths  of  the  variooB 
plastral  scutes  :  Intergulars,  17""'" ;  gulars,  10"°  ;  humerals, 
46"™  ;  pectorals,  50""  ;  abdominals,  47"" ;  f emorals,  53""^ ;  anak, 
about  45"".  On  the  bridges  there  are  four  inframarginals,  of 
which  the  inguinal  is  the  largest,  and  the  axillary  somewhat 
the  smallest. 
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This  species  differs  from  B,  hat'Cheri  in  the  greater  tliick- 
56S  of  tne  bones  of  the  carapace  and  in  the  shorter  lobes  of 
le  plastron.  It  is  named  in  honor  of  the  late  Professor 
thniel  C.  Marsh. 

Ba'ena  cephalica  sp.  no  v. 
Plate  XII,  Figures  1-3. 

The  name  JBaena  cephalica  is  given  to  a  fine  skull  which 
jloiigs  to  the  Yale  University  Museum,  and  which  was  col- 
cted  in  the  Laramie  deposits  of  Converse  County,  Wyoming, 
J  Professor  J.  E.  Hatcher.  The  specimen  bears  Professor 
[arsh's  receipt  number  2110. 

In  general  form  tiie  skull  is  broad  behind,  and  flat  above, 
ith  pointed  snout.  The  length  from  the  snout  to  the  occipital 
mdyle  is  67™'"  ;  to  the  end  of  the  supraoccipital  spine,  74:""*. 
he  greatest  breadth,  just  in  front  of  the  tympanic  chambers, 

65"°"".  From  these  chambers  the  width  diminishes  to  the 
lOut.  There  is  first  a  convexity  in  the  outline,  which  ter- 
iiiiates  at  the  hinder  end  of  the  maxilla ;  a  second  and  longer 
le  which  ends  behind  the  premaxiila,  and  a  third  one  which 
ids  at  the  premaxillary  symphysis.  TJie  flat  upper  surface 
:  the  skull  descends  each  way  to  the  perpendicular  sides.  The 
des  of  the  face  about  the  orbits  look  upward  and  outward,  as 
ell  as  forward.  The  tympanic  opening  is  nearly  circular, 
jmni  jji  perpendicular  and  15™'"  in  horizontal  axis.     The  orbit 

circular  and  small,  its  diameter  being  l-i"'"".  The  nasal  open- 
ig,  as  seen  from  in  front,  is  somewJiat  heart-shaped,  and  is 
irected  upward  and  forward.  From  the  orbit  to  the  tympanic 
^ening  is  24""" ;  from  the  nares  to  the  orbit  is  IC"™. 

The  temporal  region  is  roofed  over,  not  so  extensively  as  in 
►me  undescribed  JBridger  skulls  of  the  same  genus.  On  each 
ie  of  the  supraoccipital,  this  roof  is  excavated  as  far  as  a  line 
ining  the  anterior  borders  of  the  tympanic  chambers.  The 
nder  end  of  the  postfrontal  is  interposed  between  the  parietal 
id  the  squamosal. 

lu  general,  the  sutures  of  this  skull  are  very  distinct,  but  no 
ace  nas  been  found  of  those  between  the  frontals  and  the 
urietals.  There  are  distinct  nasals.  The  prefrontal  of  each 
lie  joins  the  postfrontal,  so  that  the  area  of  the  frontals  is 
:cluded  from  the  orbit.  The  postfrontal  is  large,  having  a 
ngth  of  32°"".  The  jugal  is  small,  having  a  length  of  only 
*°*  and  a  height  of  15""".  The  squamosal  fonns  the  hinder 
>rder  of  the  tvmpanic  opening.  Superiorly  it  has  a  thin  crest, 
relic  of  the  former  backward  extension  of  the  temporal  roof. 
here  is  a  prolongation  of  the  tympanic  chamber  into  this  bone. 
he  lower  border  of  the  zygomatic  bar  is  considerably  exca- 
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vated.  Seen  from  tlie  side,  the  maxilla  is  convex  on  its  lower 
border.  The  premaxillse  are  distinct  from  each  other  and  from 
the  maxillee.  At  the  symphysis  they  are  only  3""  hif^h,  but 
at  their  union  with  the  maxillae,  lO"""  I'^g^*  ^^  ^^  ^^  Bridger 
species,  there  are  distinct  lachrymal  bones.  They  occupy  the 
position  of  the  descending  portion  of  the  prefrontals  of  other 
turtles,  coming  in  contact  with  the  vomer. 

As  seen  from  below,  the  maxilla  has  a  broad  masticatory  sur- 
face, its  widtli  from  the  inner  border  to  the  cutting  ^K^  being 
14"™.  The  inner  border  of  this  surface  is  furnished  by  the 
palatine  l)one.  The  latter  forms  the  whole  of  the  outer  border 
of  t!ie  ehoana.  The  masticatory  surface  does  not  extend  for- 
ward on  the  premaxilla.  In  front  of  the  choanse  there  is  a  deep 
groove,  which  anteriorly  expands  on  the  lower  surface  of  the 
premaxillae.     Postpalatme  foramina  are  present. 

The  pter3'goids  come  in  short  contact  with  the  maxilte. 
They  have  distinct  ectopterygoid  processes.  Where  the  pos- 
terior part  of  the  palate  is  constricted,  it  is  18""  wide.  The 
pterygoids  extend  backward  to  the  posterior  border  of  the 
pedicel  of  the  quadrates,  thus  separating  the  latter  widelv  from 
the  basioccipital  and  basisphenoid.  There  is  a  considerable 
groove  on  each  side  between  the  quadrate  and  the  median  bones 
of  the  base  of  the  skull.  The  pterygoids  join  at  the  midline 
for  some  distance  in  front  of  the  basisphenoid.  On  each  «de 
of  the  latter,  about  the  middle  of  its  length,  is  a  foramen. 

The  pedicels  of  the  quadrates  are  short.  The  surface  for 
articulation  with  the  lower  jaw  is  deeply  concave  from  side  to 
side ;  nearly  plane  from  front  to  back. 

The  quadrate  bone  is  notched  behind  for  the  passage  of  the 
stapedial  rod. 

There  appears  to  have  been  a  system  of  epidermal  scutes 
covering  the  upper  surface  of  the  skull.  Not  all  the  areas 
occupied  by  these  can  be  made  out  with  certainty,  but  some  of 
them  are  quite  distinct.  A  pair  of  these  seems  to  have  occupied 
the  space  between  the  orbits.  Behind  each  of  these  is  a  smaller 
one  which  lies  over  the  hinder  border  of  the  orbit.  A  verv 
large  scute,  or  more  probably  a  pair  of  them,  covers  the  area 
of  the  frontal  bones  and  overlaps  on  the  parietals.  The  pos- 
terior half  of  this  scute  or  scutes  is  separated  by  two  scutes 
occupying  the  midline.  One  of  these,  the  anterior,  is  small 
and  circular ;  the  other  is  elongated  and  extends  backward  on 
the  supraoccipital  processes  of  the  parietals.  It  is,  of  course, 
possible  that  the  latter  scute  was  divided  along  the  midline. 

The  study  of  this  skull  confirms  the  view  of  Dr.  George 
Eaur,  drawn  from  the  skull  of  Compmmys plicatula^  that  there 
are  in  the  skulls  of  the  Aniphichelydia  few  pleurodiran  charac- 
ters.    Nasals   are   indeed    present,   ])ut   they   can   hardly  be 
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regarded  ae  distinctive,  since  there  are  Cryptodira  (PortLochelys) 
which  possess  nasals.  A  short  supraoccipital  spine  is  very 
general  among  the  Pleurodira.  The  character  which  especially 
separates  the  latter  group  from  the  Cryptodira  is  found  in  the 
very  broad  pterygoids,  the  ])08terior  ends  of  which  do  not 
separate  the  quadrates  from  the  basioccipitals.  In  Baena,  as 
shovTi  in  the  present  skull  and  in  others  from  the  Bridger  beds 
not  yet  described,  the  pterygoids  are  disposed  in  the  same  way 
as  in  the  Cryptodira. 

It  appears,  in  fact,  that  a  considerable  number  of  characters 
exist  in  the  skulls  of  Baena,  which  belong  also  to  the  Athecse. 
These  are  found  in  the  short  supraoccipital  spine,  the  large 
postfrontals,  the  exclusion  of  the  frontals  from  the  orbits,  and 
the  participation  of  the  basioccipital  in  the  formation  of  the 
foramen  magnum. 

The  nasals,  the  lachrymals,  and  the  extensive  temporal  roof 
may  be  regarded  as  primitive  characters. 

In  Baena,  undoubted  pleurodiran  characters  are  seen  in  the 
presence  of  a  mesoplastron  and  in  the  structure  of  the  cervical 
vertebrae.  The  suborder  Amphichelydia  must  thus  be  regarded 
as  securely  founded. 

Baptemys  wyomingensis  Leidy. 
Plate  XIII,  Figures  1-3  ;  Text-ligure  2. 

Baptemys  wyomingensis,  Leidy,  J.,  Proc.  Acad.  Nat.  Sci.  Phila.,  1870,  p.  5; 
CoDtr.  Ext.  Fatina  West.  Terrs.,  1873,  p.  157,  pi.  xii,  pi.  xv,  fig.  6. 

This  species  is  represented  in  the  Marsh  collection  by  a 
specimen  which  was  collected  in  the  year  1870,  in  the  Bridger 
beds,  near  Millersville,  Wyoming.  The  carapace  is  almost 
entire,  but  somewhat  crushed  and  distorted.  The  plastron  is 
intact.  The  nearly  complete  skull  is  present ;  likewise,  some 
of  the  limb  bones.  The  specimen  bears  the  number  484.  It 
is  most  valuable  on  account  of  furnishing  the  hitherto  unknown 
skull  and  the  not  well-known  anterior  lobe  of  the  plastron. 

When  this  example  is  compared  with  the  type  some  differ- 
ences are  observed,  but  these  are  not  regarded  as  of  specific 
value.  The  most  important  of  these  differences  is  the  presence 
of  four,  instead  of  three,  inframarginal  scutes  on  each  of  the 
bridges. 

The  only  portion  missing  from  the  skull  is  tiie  roof  of  the 
orbits  and  the  nasal  cavity.  This  deficiency  is  fortunately  sup- 
plied by  a  skull  collected  during  the  vear  1903  by  the  Ameri- 
can Museum  expedition  into  the  Ijridger  beds  near  Fort 
Bridger. 

The  skull  is  wedge-shaped,  being  broad  behind  and  pointed 
in  front.  The  length  from  the  snout  to  the  occipital  condyle 
is  67°°  ;  to  the  end  of  the  supraoccipital  spine,    88""".     The 
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width  at  the  upper  border  of  tlie  tympanic  cavity  is  58  . 
There  is  no  roof  over  the  temporal  region,  and  there  is  no 
parieto-squamosal  arch.  The  postorbital  arch  is  bnt  little  more 
than  7°"  wide.  T!)e  zyeromatic  bar  is  excavated  on  its  lower 
border.  The  interorbital  space,  as  shown  by  the  American 
Museum  specimen,  is  23"""  wide.  The  orbits  are  large,  having 
an  antero-posterior  diameter  of  about  20°*'".  The  nares,.  as 
shown  by  the  specimen  last  mentioned,  have  a  perpendicular 
diameter  of  16""".  The  upper  jaw  is  convex  along  its  cutting 
edge,  rising  in  front  so  as  to  form  a  median  notch.  This  edce 
is  sharp  throughout  its  length.  In  the  Yale  specimen,  tue 
lower  jaw  conceals  a  portion  of  the  palate  near  the  cutting 
edge,  but  this  region  is  exhibited  in  the  American  Museum 
spe<;imen.  Running  parallel  with  tiie  posterior  half  of  the 
cutting  edge,  and  separated  from  it  by  a  deep  furrow,  is  a 
sharp  dent^ted  ridge,  which  has  a  length  of  12'""'.  When  the 
jaws  are  closed  this  ridge  tits  into  a  groove  in  the  lower  jaw. 

The  choante  are  far  forward.  The  roof  of  the  mouth  is 
vaulted,  not  greatly  unlike  that  of  Testudo.  The  vomer 
appears  to  have  extended  backward  nearly  to  the  ptervgoids. 
The  distance  across  the  palatines  at  their  posterior  ends  is  20°'°. 
The  distance  across  tlie  constricted  j^ortion  of  the  pterygoids  is 
IS""*.  There  are  small  postpalatine  foramina.  The  outer 
border  of  the  palatine  bone  has  not  been  traced  with  certainty. 
In  the  specimen  in  the  American  Museum  there  appears  to  l)e 
a  suture  running  along  the  bottom  of  the  groove  on  the  out- 
side of  the  dentated  ridge  mentioned  above.  If  this  is  really 
the  case,  this  ridge  lies  on  the  palatine  bone. 

The  tympanic  cavity  has  its  posterior  wall  open,  forming  a 
channel  for  the  passage  of  the  stapedial  rod.  The  sutures 
between  the  bones  of  the  skull  are  closed,  and  some  of  them 
can  be  traced  only  with  difScult3%  There  appear  to  have  been 
no  nasals.  As  shown  by  the  American  Museum  specimen,  the 
frontals  are  shut  out  from  the  borders  of  the  orbits. 

The  lower  jaw  appears  to  have  formed  a  slight  beak  in  front. 
The  anterior  half  of  the  efficient  border  forms  a  cutting  edge 
which  shears  against  that  of  the  maxilla.  Posteriorly  the  edge 
divides  so  as  to  produce  two  ridges  which  enclose  between 
them  a  deep  groove  about  4"""  w^de.  It  is  this  groove  which 
receives  the  dentated  ridge  of  the  palate. 

Portions  of  the  hyoid  apparatus  remain  clinging  to  the  base 
of  the  skull.  This  apparatus  resembles  closely  the  same  organ 
in  VhryHenxys  elegans^  and  is  much  unlike  that  of  DermatemyB. 

Text-figure  2  shows  the  form  of  the  j>la8tron,  and  this  agrees 
Avith  that  of  the  specuuen  in  the  American  Museum.  L(Bidy 
(Contr.  Ext.  Fauna  West.  Terrs.,  pi.  xv,  tig.  6)  has  figured  the 
anterior  end  of  a  plastron  which  is  truncated  and  slightly  exca- 
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vated.  This  may  be  an  individual  variation,  or  it  may  indicate 
a  distinct  species.  In  all  the  known  specimens  of  this  species 
the  intergnlar  and  gular  scutes  are  absent,  and  the  l.umerals 
extend  forward  to  the  front  of  the  plastron. 

A  comparison  of  the  skull  of  this  species  with  that  of  Der- 
matemys  mawii,  as  descrii)ed  and  figured  by  Bienz  (Rev.  Suisse 
de  Zool.,  iii,  1895,  p.  61,  pi.  ii,  tigs.  1-5)  shows  that  the  two 
are  similar  in  general  form  and  in  the  absence  of  a  temporal 
roof.     The  structure  of  the  upper  and  lower  jaws  is  quite  dif- 


FlGURE  2. — Baptemys  xvyomingensis.     Diagram  of  plastron. 

ferent  in  the  two  genera.  In  Derinatemys  the  choanse  are 
underfloored  by  the  palatal  plates  of  the  maxilla  and  are 
pushed  well  backward.  In  Baptemys  they  are  far  forward  in 
the  vaulted  palate. 

Chrysemys  wyomingeusis  Leidy. 
Plate  XIV  ;  Text-figures  3,  4. 

Emys  wyominyensis  Leidv,  J.,  Proc.  Acad.  Nat.  Sci.  Phila..  1869,  p.  66; 
Contr.  Ext.  Fauna  West.  TerrH.,  1873,  pp.  140,  340,  pi.  ix,  figs.  4,  5,  pi.  x, 
figs.  1,  2.     Hay.  O.  P.,  Bibliog.  and  Cat.  Fobs.  Vert.  N.  A.,  1902,  p.  448. 

In  the  collection  of  fossil  vertebrates  made  by  Professor 
Marsh  in  the  year  1874,  there  is  an  unusually  interesting  speci- 
men of  turtle.  This  is  a  nearly  complete  shell,  and  was 
obtained  in  the  Bridger  beds  at  Millersville,  a  point  a  few 
miles  east  of  Fort  Bridger,  Wyoming.  It  is  referred  without 
doubt  to  the  species  above  named.  It  is  interesting  from  the 
fact  that  it  possesses  a  number  of  supernumerary  structures. 
That  is,  it  has  nine  neurals,  instead  of  eight ;  ten  pairs  of  costal 
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plates,  instead  of  eight  pairs  ;  twelve  pairs  of  peripber«l  bonee, 
instead  of  eleven  pairs ;  six  vertebral  scatee,  ioBtead of  five ;  five 
pairs  of  costal  scQtee,  instead  of  foiir  pairs ;  and  twelve  psirs 
of  mar^nal  scntee,  instead  of  eleven  pairs.  There  is  no  doubt 
regarding  the  presence  of  any  of  these  extra  bones  aod  scntee, 
since  all  the  Btitnres  and  ealci  are  very  distinct 

A  comparison  of  this  carapace  with  Leidy's  figure  of  £myi 
wyomingentit  shows  that  the  whole  anterior  portion  Sfi^rees 
with  that  figure,  only  such  deviations  as  might  be  expected  in 
two  individaals  of  the  same  species  being  present.  The  pos- 
terior third,  however,  leads  one  into  difficaltiee. 


a  of  carapace  of  indiTidnil 


The  normal  immber  of  costal  plates  is,  of  coarse,  eight  pairs. 
In  some  of  the  living  species  of  North  American  Trionychids 
the  costats  are  reduced  to  seven  pairs.  Dr.  Bonlenger  bBS 
stated  that  in  some  fossil  marine  turtles  there  are  nine  or  ten 
pairs  of  costals,  but  lie  has  not  mentioned  the  species.  Such 
cases  mav  oconr,  but  it  is  doubtful  that  they  are  normal  forms. 
Mr.  L.  M.  Lambe  (Contr.  Canad.  Palaeo'nt.,  iii,  1902,  p.  42, 
fig.  7)  has  described  as  a  new  genus  and  species  Neuraiut^us 
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eximins^  which  has  nine  pairs  of  costal  plates.  Dr.  George 
Baur  referred  to  a  specimen  of  Jfalacoclemmys  geographica 
having  nine  costals.  Dr.  Boulenger,  in  his  Catalogue,  p.  187, 
states  that  in  a  specimen  of  Pelomedusa  he  found  nine  pairs  of 
costal  plates ;  in  another,  nine  plates  on  one  side  and  eight  on 
the  other.  Is  it  possible,  therefore,  to  determine  which  costal 
and  peripheral  bones,  and  which  vertebral,  costal,  and  marginal 
scutes,  in  the  specimen  at  hand,  are  the  intercalated  ones  ? 


Figure  4. — Chrysemys  wyomingensis.     Diagram  of  plastron  of  same  indi- 
▼idnal  as  that  of  figure  8. 

It  seems  to  the  writer  that  there  can  be  no  question  that  the 
six  anterior  neural  bones  and  the  six  anterior  pairs  of  costals, 
together  with  the  peripherals  in  contact  with  the  latter,  corre- 
spond exactly  with  the  six  anterior  neurals,  the  six  anterior 
pairs  of  costals,  and  the  contiguous  peripherals,  of  the  type 
specimen  of  ClirijHeinys  loijomhujensis^  or,  indeed,  of  any  other 
member  of  the  Emydidae.  It  appears  to  be  quite  as  certain 
that  the  seventh  pair  of  costals  corresponds  with  the  seventh 
pair  in  other  emyds.  Each  is  crossed  at  its  upper  end  by  a 
portion  of  the  longitudinal  sulcus,  and  is  in  contact  with  a 
neural,  probably  the  seventh,  and  with  that  behind  it. 

If,  now,  one  begins  at  the  posterior  margin  of  the  shell  and 
works  forward,  certain  conditions  may  be  established.  As 
usual,  a  pygal  peripheral  is  present.     In  front  of  this  comes  a 
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broad  hexa^nal  saprapjgal,  the  homologne  of  which  is  partly 
shown  in  Leidy's  ngare  of  the  type,  and  is  folly  shown  bj  a 
specimen  in  the  American  Musenm  of  Natural  History.  In 
all  three  examples  mentioned,  this  snprapygal  is  croeeed  near 
its  anterior  end  by  a  salens  bounding  the  supracaudal  scute  in 
front.  In  Leidv's  type,  in  front  of  this  suprapyml  is  another 
which  widens  l>ackward.  A  similar  bone  is  found  in  the 
American  Museum  specimen  and  in  the  one  here  described ; 
but,  in  both  of  the  latter,  the  bone  is  somewhat  longer,  and  is 
crossed  by  a  transverse  sulcus.  In  Leidy's  type,  the  sulcus 
crosses  on  the  neural  immediately  in  front, — ^the  eighth. 

The  last  ])air  of  costals  in  the  Yale  specimen  has  all  the 
characteristics  of  the  eighth  pair  in  Leidy's  type  and  in  the 
American  Museum  specimen.  They  come  in  contact  with  the 
two  suprapygals,  are  crossed  at  their  anterior  ends  by  a  trans- 
verse sulcus,  and  are  occupied  in  their  length  by  the  lateral 
sulci  of  the  hindermost  vertebral  scute.  In  the  specimen  here 
described  these  costals  do  not  indeed  come  in  contact  with  the 
hindermost  neural ;  but  it  is  no  unusual  thing  for  the  last  pair 
of  costals  to  be  pushed  out  of  contact  with  this  neural,  or  the 
real  eighth  neural  may  be  suppressed. 

It  is  concluded,  therefore,  that  the  intercalated  costal  plates 
of  the  present  specimen  are  the  eighth  and  the  ninth  from  the 
front  of  the  carapace. 

Since  there  is  only  one  extra  neural  present,  it  appears  to  be 
impossible  to  determine  whether  this  is  the  eighth  or  the  ninth 
from  the  front.  It  may  be,  however,  as  already  suggested, 
that  the  true  eighth  has  been  suppressed,  and  that  the  eighth 
and  the  ninth,  counting  from  the  front,  are  both  intercalated. 

It  is  likewise  uncertain  which  is  the  intercalated  peripheral, 
the  tenth  or  the  eleventh  of  this  specimen ;  but  it  is  more  likely 
the  tenth,  since  it  is  in  contact  with  both  the  intercalate!! 
costals. 

As  to  the  vertebral  scutes,  the  first,  second,  and  sixth  seem 
clearly  to  correspond  with  the  first,  second,  and  fifth,  respec- 
tively, of  a  normal  emyd.  It  appears  to  be  quite  as  certain 
that  the  anterior  portion  of  the  fourth  corresponds  with  the 
same  portion  of  tlie  fourth  of  any  other  emyd ;  and  again 
that  tlie  posterior  portion  of  the  fifth  is  homologous  with 
the  posterior  portion  of  the  fourth  vertebral  of  ordinary 
turtles.  Does  not  this  evidence  lead  to  the  conclusion  that 
no  new  scute  has  been  intercalated,  but,  rather,  that  the 
area  occupied  by  the  fourth  scute  in  a  normal  turtle,  having 
been  greatly  enlarged,  has  become  divided  by  a  transverse 
sulcus  ?  In  the  same  way  the  extra  costal  scute  on  each  side, 
as  well  as  the  extra  marginal,  may  be  explained. 
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The  region  immediately  in  front  of  the  most  anterior  sapra- 
pygal  presents  various  evidences  of  having  suffered  dis- 
turbance. 

Notwithstanding  tlie  possession  of  ten  pairs  of  costal  plates, 
this  specimen  is  not  elongated,  as  one  might  expect  it  to  be. 
Indeed,  the  width  is  relatively  greater  than  in  the  specimen  in 
tlie  American  Museum. 

The  plastron  appears  in  no  way  different  from  that  of  the 
other  known  specimens  of  the  species.  It  is  quite  complete, 
and  a  pen  drawing  showing  its  structure  is  here  presented. 

The  total  length  of  the  carapace  is  825°''" ;  the  width  is 
240°'".  Leidy's  specimen  was  at  least  330'"""  long  and  close  to 
235°^™  wide. 

Iladrianus  majuscuUis  sp.  nov. 

Plate  XV  ;   Text-figure  5. 

The  shell  on  which  the  present  species  is  based  was  received 
at  the  Yale  University  Museum  late  in  the  year  1876.  It 
bears  Professor  Mai-sh's  receipt  number  927.     The  label  has 

5 


Figure  5. — Hadrianus  majusculus.     Diagram  of  carapace. 

the  following  record:  "Turtle  from  foot  of  bluff,  west  side 
of  Murderer's  Gap.  Nov.  19, 1876.  D.  Baldwin.''  Another 
label  states  that  the  specimen  came  from  the  "Eocene  Bad 
Lands,  Gallina,  New  Mexico."  This  locality  appears  to  be  in 
Rio  Arriba  County,  New  Mexico.  The  deposits  doubtless 
belong  to  the  Wasatch  epoch. 
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The  upper  portion  of  the  shell  and  one  side  of  it  are  some- 
what damaged.  The  length  of  the  carapace  is  530°*°* ;  the 
greatest  breadth  was  at  least  440"".  In  form  the  shell  was 
rather  high  and  vaulted.  Over  the  limbs  the  peripheral  bones 
are  considerably  flared  upward.  The  posterior  border  is 
rounded  and  scalloped.  The  free  borders  of  all  the  periph- 
erals have  acute  edges.  The  form  and  dimensions  ox  many 
of  the  neurals  cannot  be  determined.  There  appear  to  have 
been  three  suprapygals,  the  penultimate  of  which  is  bifurcate, 
as  in  the  species  of  Testudo.  The  anterior  four  or  five  costal 
plates  are  alternately  narrow  and  wide,  but  the  proximal  and 
the  distal  ends  of  each  are  of  about  the  same  widtn,  thns  differ- 
ing from  the  costals  of  Testudo. 

The  peripheral  bones,  conspicuously  those  over  the  bridges, 
are  much  higher  than  those  in  the  Bridger  species,  H,  corsoni. 
They  rise  about  90"""  above  the  slight  carina  which  joins  the 
third  with  the  seventh  peripheral.  The  sulci  which  bound  the 
epidermal  scutes  are  narrow  and  shallow,  but  they  run  in 
rather  deep  grooves  in  the  bones.  There  are  two  very  distinct 
supracaudal  scutes,  a  right  and  a  left. 

The  plastron  has  about  the  same  length  as  the  carapace. 
There  is  a  distinct  lip  in  front.  The  rear  of  the  plastron  is 
deeply  notched.  The  antero-posterior  extent  of  the  pectoral 
scutes  is  considerably  greater  than  in  H.  corsoni. 

The  large  peripherals  and  the  broad  pectoral  scutes  espe- 
cially distinguish  this  species  from  those  oi  Hadrianus  hitherto 
described. 

Professor  Cope  has  referred  some  remains  of  this  genus  from 
the  Wasatch  of  New  Mexico  to  H,  corsoni^  but  his  specimens 
were  too  fragmentary  for  accurate  determination. 

Hadrianus  majusculxcs  is  interesting  because  of  its  being 
the  oldest  known  member  of  the  Chersites,  or  Testudinidse. 

l^estudo  brontops  Marsh. 
Text-figures  6,  7. 

Testudo  brontops  Marsh,  0.  C,  this  Journal  (8),  xl,  1890,  p.  179,  pi.  viii ; 
Vert.  Fobs.  Denver  Basin,  in  Mon.  U.  S.  Geol.  Snrv.,  xxvii,  1897,  pp.  528, 
527,  figs.  95,  96.  Dana,  J.  D.,  Manual  Geol..  1896,  p.  901,  fig.  1516.  Hay, 
O.  P.,  Bibliog,  and  Cat.  Fobs.  Vert.  N.  A.,  1902,  p.  451. 

This  species  has  already  been  briefly  described  by  Professor 
O.  C.  Marsh,  as  cited.  The  writer  has  been  enabled  to  study 
with  some  care  tliis  fine  specimen,  and  here  presents  diagram- 
matic figures  illustrating  the  structure  of  the  carapace  and  the 
plastron.  The  structure  has  been  somewhat  obscured  by  crush- 
mg,  especially  along  the  midline  of  the  carapace. 

The  length  of  the  carapace  is  711"''";  the  greatest  breadth 
is  651"'™.      The  carapace   is  truncated    in  front  and  broadly 
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rounded  behind.  Over  the  limbs  the  peripheral  bones  are  con- 
siderably flared  upward.  The  sutures  separating  the  nuchal 
from  the  first  peripherals  cannot  be  traced  with  certainty. 
The  greatest  width  of  the  bone  is  175°"" ;  and  the  length  along 
the  midline,  150*""*.  The  first  neural  bone  is  oval;  the  second 
and  fourth,  octagonal ;  the  third,  hexagonal.  The  fifth  was  prob- 
ably hexagonal,  but  it  is  somewhat  crushed.  The  sixth,  seventh, 
and  eighth  are  approximately  hexagonal.  The  anterior  supra- 
pygal  is  bifurcate.     The  costals  oi  the  second,  third,  fourth, 

6 


Figure  6. — Teatudo  hrontops.     Diagram  of  carapace. 
Figure  7. — Testudo  hrontops.     Diagram  of  plastron. 

fifth,  and  sixth  pairs  are  alternately  narrow  and  wide  at  their 
proximal  ends,  and  alternately  wide  and  narrow  at  their  distal 
ends.  The  following  table  gives  the  dimensions  of  the  costals, 
excluding  the  first : 


Width  at 

Width  at 

Costal. 

proximal  end. 

distal  end. 

2 

5() 

106 

3 

100 

73 

4 

56 

90 

5 

94 

56 

6 

61 

95 

7 

40 

75 

8 

43 

62 

The  second  and  third  vertebral  scutes  had  a  width  of  about 
190"™.  The  sulci  of  the  region  of  the  bridge  ran  in  deep 
valleys,  thus  giving  a  scalloped  appearance  to  the  border. 
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The  plastron  ie  quite  concave.  The  lip  of  the  anterior  lobe 
projected  boldly  beyond  the  general  border  of  the  plastron  and 
beyond  the  front  of  the  carapace.  There  is  a  considerable  notch 
in  the  posterior  end  of  the  plastron.  The  pectoral  scates  are 
about  55°"™  wide  at  the  midline ;  the  abdominals,  240°"*. 

This  large  and  fine  species  was  found  in  the  Titanotherium 
beds  of  Indian  Creek,  Pennington  County,  South  Dakota.  It 
is  especially  interesting  because  of  its  being  the  oldest  known 
species  of  the  genus.  Although  so  old,  it  appears  to  have  been 
as  highly  differentiated  in  all  respects  as  are  the  modem  forms 
of  the  genus. 

Aspideretes  beecheri  sp.  no  v. 
Plate  XVI. 

Trxonyx  foveatus  Banr,  G.,  Proc.  Acad.  Nat.  Sci.  Phila.,  1891,  p.  418  (not 
Leidy). 

In  the  Marsh  collection  there  is  a  fine  specimen  of  a  Trionychid 
to  which  the  above  name  is  given.  It  was  collected  in  the  year 
1889  by  Professor  J.  B.  Hatcher  and  Dr.  C.  E.  Beecher,  in  the 
Laramie  beds  of  Converse  County,  Wyoming,  on  the  east  side 
of  Lance  Creek.  The  specific  name  is  given  in  honor  of  one 
of  the  collectors.  Dr.  Beecher,  whose  untimely  death  has 
wrought  such  injury  to  the  science  of  paleontology. 

This  specimen  was  examined  by  Dr.  George  Baur  and  iden- 
tified by  him  as  Leidy's  Trionyx  foveatus.  The  present 
writer  does  not  agree  with  this  determination.  Dr.  Leidy's 
species  was  based  on  rather  scant  material,  but  the  ornamen- 
tation of  the  costal  bones  is  characteristic  and  has  led  to  the 
identification  of  the  species  by  Mr.  L.  M.  Lambe  (Geol.  Snrv. 
Canada,  Summ.  Rept.,  1901,  p.  81,  pis.  i,  ii ;  Contr.  Canad. 
Palaeont.,  iii,  1902,  p.  33,  pi.  i,  figs.  1,  2)  in  finely  preserved 
and  quite  complete  remains.  The  Tatter  indicate  a  Trionychid 
quite  different  from  the  one  here  described. 

The  type  of  A,  beecheri  presents  the  limbs  nearly  complete, 
a  portion  of  the  neck,  the  tail,  the  shoulder  girdle,  a  large  por- 
tion of  the  carapace,  and  the  whole  of  the  plastron. 

The  carapace  had  a  length  close  to  325"°*  and  a  width  of 
310°"".  At  each  end  of  the  nuchal,  the  border  has  been  some- 
what excavated.  The  lateral  margins  are  slightly  sinuous,  and 
the  posterior  border  has  probably  been  slightly  concave. 

The  outer  ends  of  the  nuchal  appear  to  tiave  overlapped  the 
first  costal.  The  nuchal  has  its  whole  upper  surface  covered 
with  a  sculpture  like  that  of  the  costals.  There  is  a  preneural 
bone,  whose  anterior  border  has  occupied  a  notch  in  tne  hinder 
border  of  the  nuchal.  The  author  has  elsewhere  proposed 
the  name  Aspideretes  for  the  Trionyebidse  possessing  a  pre- 
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neural,  the  type  of  the  proposed  genus  being  Trionyx  gangeti- 
cus  Cuvier.  The  first  neural  of  A,  heecheri  is  hexagonal,  with 
the  narrow  end  directed  forward.  There  is  present  a  second 
neural  of  similar  form  and  a  portion  of  a  third.  The  remain- 
ing neurals  are  missing.  In  all  probability  there  were  eight 
pairs  of  costal  plates,  but  the  eighth  is  represented  in  tnis 
specimen  by  the  free  portion  only  of  the  corresponding  rib. 

The  sculpture  of  the  carapace  consists  of  a  network  of  ridges 
enclosing  rather  deep  pits.  Usually  these  pits  are  without 
definite  arrangement,  but  on  the  distal  ends  of  the  costals  they 
arrange  themselves  in  rows  parallel  with  the  free  borders  of 
the  carapace.  The  walls  surrounding  the  pits  rise  abruptly 
from  the  bottoms  of  the  latter;  whereas,  in  A.  foveatus^  the 
walls  slope  upward  gradually  from  the  centers  of  the  pits. 
Furthermore,  in  the  latter  species,  the  pits  on  the  proximal 
ends  of  the  costals  are  likely  to  have  quite  wide  flat  spaces 
between  them. 

The  plastron  is  complete.  The  entoplastron  is  truncated  in 
front,  with  a  slight  notch  at  the  midline.  The  branches 
include  between  them  less  than  a  right  angle.  The  epiplastra 
are  broad  at  their  anterior  ends.  They  resemble  greatly  the 
same  bones  in  Aspidoneetes  muticus.  The  hyoplastra  are  not 
coossified  with  the  hypoplastra.  Between  the  inner  ends  of  the 
hyoplastra  is  a  large  fontanelle  which  is  bounded  in  front  by 
tne  entoplastron.  Between  the  inner  ends  of  the  hypoplastra 
is  another  fontanelle  which  extends  backward  to  the  xiphi- 
plastra.  There  is  no  fontanelle  between  the  latter  bones.  The 
bridge,  where  narrowest,  has  a  width  of  64'"'". 

The  whole  lower  surface  of  the  hyoplastra,  the  hypoplastra, 
and  the  xiphiplastra,  is  covered  with  a  sculpture  like  that  of 
the  carapace,  except  that  it  is  finer. 

The  cervical  vertebra  seen  in  Plate  XVI  is  probably  the  fifth. 
Its  length  is  about  00™"'.  Seven  caudal  vertebne  are  preserved, 
forming  a  series  122'"""  long;  but  there  were  others  which  have 
been  destroyed.  They  are  very  similar  to  those  of  Aspido- 
nectes  spiniferus.  The  shoulder  girdle,  the  fore  limbs,  the 
pelvis,  and  the  hind  limbs  present  no  important  differences 
when  compared  with  those  of  modern  Trionychidte. 

It  appeal's  probable  that  this  individual  was  a  female  of 
mature  age. 

The  U.  S.  National  Museum  possesses  a  Trionychid  which 
was  collected  by  one  of  Professor  Marsh's  parties,  while  he  was 
vertebrate  paleontologist  to  the  U.  S.  Geological  Survey.  It 
was  obtained  in  Converse  County,  Wyoming,  and  is  referred  to 
A.  heecheri.  It  shows  the  carapace  to  have  been  high  and  con- 
vex; also,  that  it  had  a  preneural,  six  neurals,  and  eight  pairs 
of  costal  plates. 
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EXPLANATION  OF  PLATES. 

Plate  XI. 

Baina  marshi  Hay ;  ylew  of  the  plastron,     x  ^. 

On  the  left  Bide  of  the  fignre  is  seen  a  portion  of  the  matrix  which  filled 
the  shell  and  from  which  the  bone  has  been  removed.  On  the  opposite  side, 
posteriorly,  is  seen  some  matrix  filling  the  ingainal  notch.  From  photo- 
graph. 

Plate  Xn. 

BaSna  cephaliea  Hay. 

Figure  1. — Skull  seen  from  above,  x  f . 
Figure  2. — Skull  seen  from  below,  xf. 
Figure  8. — Skull  seen  from  left  side,     x  f . 

Plate  XHI. 

Baptemys  vryomingensis  Leidy. 

Figure  1. — Skull  seen  from  above,  xf. 
Figure  2. — Skull  seen  from  below,  x  f . 
Figure  8. — Skull  seen  from  left  side,     x  f . 

Plate  XIV. 

Chrysemys  wyomingensis  (Leidy) ;  carapace,  showing  supernumerary  bones 
and  scutes,     x  f .     From  photograph. 

Plate  XV. 

Hadrianus  majusculus  Hay  ;  shell  seen  from  the  left  side,  x  f .  From 
photograph. 

Plate  XVI. 

Aspideretes  beecheri  Hay ;  skeleton  seen  from  above,  x  f .  From  photo- 
graph. 
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Art.  XXXI. — Air  Radiation  ;  by  C.  C.  Hutchins  and  J.  C. 

Pearson. 

In  1892,  one  of  the  present  writers  carried  out,  at  the  request 
of  Professor  Cleveland  Abbe,  some  experiments  for  finding  the 
radiation  constant  of  atmospheric  air.  The  radiation  was 
measured  from  a  hot  moving  column  of  air  of  one  centimeter 
depth  in  the  line  of  sight,  and  as  close  as  possible,  consistent  with 
proper  screening,  to  the  heat-recording  apparatus.  Owing 
doubtless  to  defective  surroundings,  the  results  obtained  from 
day  to  day  showed  considerable  variation ;  in  fact,  more  than 
could  be  produced  artificially  by  changing  the  normal  constit- 
uents of  air  in  a  closed  room,  such  as  dust  and  moisture,  between 
wide  limits.  An  average  of  the  best  results  gave  '00000114 
small  calories  per  second  per  square  centimeter  per  degree,  for 
a  thickness  of  1^  of  the  radiating  layer. 

In  1900,  Professor  Very  published  an  extended  monograph 
on  the  subject,  in  which  very  numerous  experiments  of  his  own 
and  others  are  collected  and  discussed  with  the  utmost  skill  and 
patience.  Very's  result,  stated  in  the  terms  given  above,  at 
100°  excess  temperature,  was  '00000036,  or  three  times  smaller 
than  what  we  had  obtained.  The  large  difference  led  to  a 
reexamination  of  our  figures  and  methods  without  finding  any- 
thing that  could  account  for  it.  An  entire  change  of  apparatus 
and  method  often  leads  to  unexpected  results,  and  may  cause 
us  to  modify  our  views  as  to  the  probable  error  of  our  former 
consistent  figures.  In  1902,  we  constructed  an  entirely  new 
apparatus,  containing  nothing  that  belonged  to  the  old.  A 
radio-micrometer  after  Boys  was  the  heat-receiving  instrument. 
We  avoided  all  suspicion  of  air  contamination  by  taking  air 
from  out-of-doors.  A  box  some  (>  feet  long,  2*5  fqet  wide,  and 
3  inches  deep,  containing  a  sheet-iron  bottom  about  half-way 
up,  and  covered  with  a  single  sheet  of  glass,  was  set  at  an  angle 
oi  about  45°  outside  a  south  window.  The  upper  end  of  the 
box  was  extended  by  a  wooden  chimney  that  projected  through 
a  slit  in  the  window  shutter.  The  box  had  trunnions  at  the 
sides  upon  which  it  could  be  tilted  by  pulling  a  string.  The 
radio-micrometer  was  mounted  inside  the  shutter,  so  that  in  the 
lowest  position  of  the  chinmey  the  current  of  air  that  streamed 
up  through  came  opposite  the  radio-micrometer  opening.  Sun- 
light falhng  upon  the  exposed  glass  cover  heated  the  sheet-iron 
bottom,  and  this  in  turn  heated  the  air  in  contact  with  it,  and 
a  current  of  hot  air  was  delivered  through  the  chimney.  The 
temperature  of  the  hot  air  was  obtained  by  a  thermal  junction 
of  two  thin  copper  and  iron  wires  inserted  in  the  stream,  the 
circuit  being  completed  through  a  calibrated  galvanometer. 
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On  clear,  still  days,  excess  temperatures  of  50**  to  60®  of  the 
Lot  air  stream  were  obtained,  and  from  the  deflections  produced 
as  compared  with  those  produced  by  a  lampblacked  surface  at 
known  temperature,  wo  got  values  of  the  radiation  constant  that 
lay  on  both  sides  of  the  mean  result  of  1892.  Great  difficultj 
was  experienced  in  getting  a  steady  flow  of  hot  air,  and  the 
behavior  of  the  radio-micrometer  was  far  from  satisfactory. 
The  experiments  were  discontinued  when  it  was  found  that 
nothing  new  was  to  be  learned  by  this  method.  We  could  at 
least  conclude  that  the  difference  between  pure  air  and  that 
contained  in  an  ordinary  room  with  respect  to  radiating  power 
was  inappreciable. 

The  winter  of  1902-3  was  spent  in  improving  the  radio- 
micrometer,  and  an  instrument  of  remarkable  sensitiveness  and 
accuracy  was  produced.* 

This  season  we  have  taken  up  the  problem  anew  with  much 
improved  apparatus  and  in  very  much  improved  surroundings. 
The  investigation  was  carried  out  in  the  constant  temperature 
room  of  the  Searles  Physical  I^l>oratory,  and  the  extreme  range 
of  temperature  during  the  weeks  of  experiment  has  been  less 
than  2^. 

Finding  our  knowledge  of  the  absorption  of  air  for  its  own 
radiation  in  a  very  imperfect  state,  we  turned  our  attention  first 
to  that  problem. 

Description  of  Apparatus, 

The  radio-micrometer  was  mounted  upon  a  massive  stone 
table,  and  screened  from  external  sources  of  radiation.  In  line 
with  the  opening  of  the  radio-micrometer  was  placed  a  trun- 
cated cone  of  sheet  tin,  45^'"  l<^i^S»  having  an  opening  1'5*™  in 
diameter,  corresponding  to  the  opening  of  the  instrument,  and 
enlarging  to  5'5^*"  at  the  other  end.  The  cone  is  extended  by  a 
cold-drawn  seamless  brass  tube,  polished  within,  280""  long, 
and  5"^"'  internal  diameter.  Over  the  end  of  the  brass  tube  is 
slipped  a  tin  tube  8*^°'  in  diameter,  lield  in  place  by  wooden 
rings  and  projecting  70''™  beyond  the  brass  tube.  These  70"" 
are  thickly  set  with  diaphmgins,  having  5'"'  openings,  and  the 
tube  and  diaphragms  are  carefully  blackened.  The  legitimacy 
of  using  reflecting  tubes  fur  passing  along  a  radiation  from  a 
distant  source  has  often  been  called  in  question.  All  doubt 
should,  liowever,  be  set  at  rest  by  recent  experiments  made 
upon  the  reflecting  power  of  metals  bathed  in  air,  for  long 
waves.  Ilagen  and  Kubens  showf  that  all  metals  are  practi- 
cally i)erfect  reflectors  foi*  radiatiL»ns  of  great  wave  length,  and 
it  is  certain  that  any  ditterenee  between  the  reflecting  power 
for  air  radiation,  whicli  is  known  to  be  of  very  great  wave 
length,  and  the  radiation  from  a  lampblacked  surface  at  slight 

♦  Thi8  Journal,  v<»l.  xv,  April,  1903.     \  Dnide's  Annalen,  vol.  ii,  p.  878,  1908. 
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temperature  excess,  would  be  inoperative  so  far  as  onr  present 
par  poses  are  concerned.  Opposite  the  tin  tube  is  placed  the 
device  for  heating  and  delivering  an  air  column.  A  box  of  wood 
100"*  by  35**"  by  14°™  is  mounted  upon  trunnions  so  as  to  be 
tilted  by  pulling  an  attached  string.  In  its  vertical  position, 
the  column  of  hot  air  is  delivered  centrally  past  the  opening  of 
the  long  tube,  but  upon  releasing  the  string  the  box  tilts  back 
out  of  the  way.  Beyond  the  air  column  stands  a  large  black- 
ened copper  cube  filled  with  water  at  the  room  temperature, 
and  to  tnis  all  temperatures  are  referred. 

The  box  is  filled  with  coils  of  iron  wire  which  are  heated  by 
a  current  taken  from  the  lighting  circuit,  and  the  air  flowing 
up  through  them  is  heated  in  turn.  The  temperature  of  the 
hot  air  is  given  by  a  thermometer  having  a  very  small  bulb 
held  in  the  stream  at  the  height  of  the  opening  in  the  long 
tube. 

Experiment  to  determine  the  Absorption  in  the  Long  Tube  for 

Lampblack  Madiation. 

As  our  values  of  air  radiation  were  to  be  obtained  in  terms  of 
radiation  from  a  lampblacked  surface,  it  became  necessary  to 
inquire  whether  the  column  of  air  in  the  long  tube  exerts  any 
appreciable  absorption  upon  the  lampblack  radiation.  Langley, 
in  his  work  on  the  temperature  of  the  moon,  has  shown  that  a 
column  of  air  110  meters  deep  absorbs  about  20  per  cent  of 
the  rays  from  a  blackened  surface  at  100°  C.  If  the  absorp- 
tion follows  Lambert'a.  law,  it  would,  in  a  column  of  air  245"" 
deep — the  depth  used  in  tlie  following  experiment — be  about 
0'5  of  one  per  cent,  and  may  be  neglected.  The  object  of  the 
following  was  to  ascertain  if  the  absorption  changes  with  tem- 
perature excess. 

A  second  blackened  tank  at  a  higher  temperature  than  the 
standard  tank  was  thrust  in  front  of  the  tube  and  the  deflec- 
tion of  the  radio-mircometer  noted.  The  followinij:  table  gives 
the  results. 

Table  I. 
Depth  of  absorbing  cohcnin,  24o''"\ 
Excess  Temp.  Mean  Dell. 

4'*06  62-6 

6*62  103-5 

9-55  1G3  0 

12-79  2240 

12-18  51-63 

20-91  9417 

30-60  145-3 

40-90  200-3 

60-00  252-5 
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The  sensitiveness  of  the  instrument  was  changed  by  with- 
drawing the  condensing  mirror  at  the  point  marked  by  the 
horizontal  line  through  the  table.  To  reduce  all  to  a  common 
scale,  we  need  a  reduction  factor  for  change  of  sensitiveness. 
This  will  be  the  ratio  of  the  deflection  per  degree  excess  for 
12°'79  to  the  deflection  per  degree  for  12°'18,  assuming  that 
the  radiation  rate  is  the  same  for  these  two  near  temperatures. 
After  applying  this  factor  and  dividing  each  deflection  by 
itjs  corresponding  temperature,  we  obtain  the  following: 

Table  II. 
Excess  Temp.  Defl.  per  Deg.  Elxe. 


4-0(5 
6-62 
9-55 
12-79 
20-91 
30-60 
40-90 
5000 


15-42 
15-63 
17-07 
17-51 
18-61 
2001 
20-23 
20-86 


M'Farlane  gives  a  table*  showing  the  radiation  in  small 
calories  per  second  per  square  centimeter  of  a  blackened  sur- 
face.   For  50°  excess,  M'Farlane's  figure  is  -000326.    Multiply- 


3.5- 


30 


:iS 


20 


Curi/cl, 


IS 


ing  the  number  in  the  second  column  of  Table  II  by  such  a 
factor  as  will  reduce  the  last  to  -000326,  we  plot  a  curve 
with  excels  temperatures  as  values  of  ,r^  and  the  observed 
radiation  rates,  derived  as  above,  as  values  of  y,  and  along 
with  it,  a  second  curve  from  M'Farlane's  observations. 

*  Proc.  Roy.  Soc,  1872,  p.  93. 
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M'Farlane's  curve  is  dotted.  It  will  be  seen  that  there  is 
nothing  shown  by  the  above  results  from  which  increased 
absorption  at  small  excess  temperatures  can  be  argued.  Con- 
sidering the  widely  diflEerent  methods  by  which  these  curves 
were  derived,  their  agreement  is  quite  striking.  We  feel  sure 
then  that  we  shall  commit  no  appreciable  error  in  effecting  a 
comparison  of  air  and  lampblack  radiation  if  we  assume  that 
the  latter  is  unabsorbed  by  columns  of  air  of  the  depth  used  in 
our  experiments.  In  fact,  difference  in  the  manner  of  pre- 
paration of  the  lampblack  surfaces  is  known  to  cause  greater 
radiation  differences  than  are  shown  here. 

Absorption  of  Air  for  its  own  Radiation, 

The  radiation  of  air  cannot  be  properly  considered  apart  from 
the  question  of  the  rate  at  which  its  own  radiation  is  absorbed. 
Very*  obtains  a  change  of  deflection  per  foot  of  increase  in 
radiating  depth  of  8*3,  lO'O,  8-2,  10-4,  -1-2,  the  depths  being  1, 
2,  3,  4,  and  5  feet,  respectively.  Disregarding  the  rather  dis- 
cordant character  of  these  figures,  he  rejects  the  negative  change 
for  5  feet  entirely  on  what  seems  somewhat  uncertain  grounds. 
We  have  sought  to  avoid  the  difficulty  of  absorption  in  the  radi- 
ating column  itself  by  measuring  the  depth  of  the  absorbing 
layer  from  the  center  of  a  radiating  column  only  10*^""  deep ; 
hence  if  there  be  any  outstanding  error,  it  must  be  very  small 
and  we  believe  negligible. 

A  coniplete  example  of  the  method  of  proceeding  is  here 
given.  The  long  tube  being  in  place  and  carefully  covered 
with  asbestos  steampipe  covering,  the  current  was  turned  on 
in  the  heating  box  and  at  the  end  of  half  an  hour  the  following 
deflections  were  obtained  : 

Table  III. 
Defl. 

55- 

52-  Date,  June  29 
54-5 

53-  Air  cohimn,  491*^'" 
55-5 

55'5       Hot  air  temp.  142"^ 

52- 

55*         Room  temp.  20*5 

56- 


Mean  54-33     Hot  air  exc.  121-5 

*  Atmospheric  Radiation,  p.  45. 


282  HtUchi/ns  and  Pea/rson — Air  Hadiation. 

The  wanned  blackened  tank  gave  the  following  deflections: 


Tabijb  IV. 

Temp,  cold  tank. 

Temp,  hot  tank. 

Deflections. 

20-56 

24-05 

108- 

24-10 

101-5 

24-18 

109-5 

24-22 

108-5 

20-58 

24-24 

104-5 

20-57  24-16  105-6 

The  mean  deflection  corresponding  to  1°  excess  temperature  of 

air  is 

54-3:5 

---—-=0-4472. 
121-5 

The  excess  temperature  of  the  lampblacked  surface  is 

2416  — 20-57 +0-59  =  4-18 

where  +0-59  is  the  thermometer  correction.     Hence  the  deflec- 
tion per  degre^j  excess  for  the  lampblacked  surface  is 

lOS-6 

-     ,^  =  25-26. 
4*18 

Finally,  the  ratio  of  the  hot  air  radiation  to  that  from  the 
blackened  surface  is 

•4472 
^«^     =-01770. 
25-26 

On  July  1,  we  obtained  -159;  on  July  2,  0177;  on  July  8, 
0-1734;  the  average  of  six  days  being  0"l  685. 

The  absorbing  column  was  then  made  245"",  127*^,  61^,  and 
30^"',  and  the  same  method  followed  for  each  distance,  in  each 
case  the  observations  being  distributed  over  several  days.  The 
results  are  tabulated  below  : 


Table  V. 

Absorbing 

. 

Bfean 

colamn 

Ratio 

3Qcm 

-0332 

61 

-0278 

127 

•0195 

245 

•0169 

491 

•0168 

Plotting  these  observations  witli  the  numbers  in  the  first 
column  of  Table  V  as  abscissas  and  the  numbers  in  the  second 
column  as  ordinates,  we  obtain  the  following  curve : 
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Curve  H. 


.Of 


0 


(3 


Ic^ 


^irdtfyth. 


100 


SCO 


4i'0 


loo 


An  inspection  of  this  curve  reveals  a  very  important  feature 
of  air  radiation  hitlierto  unknown ;  namely,  that  some  60  per 
cent  of  its  own  radiation  is  absorbed  by  a  column  as  thin  as 
245*^°,  the  remaining  40  per  cent  being  freely  transmitted  as 
though  coming  from  a  black  body.  We  have  plotted  the  ratios 
of  air  radiation  to  lampblack  radiation  per  degree  excess  tem- 
perature. The  point  where  the  curve  cuts  the  Y-axis  will 
correspond  to  the  ratio  at  zero  depth  of  absorbing  column,  and 
is  important  to  know.     This  point  may  be  calculated  as  follows : 

Let  L= radiation  from  lampblack 

ft=radiation  of  air  for  which  absorption  is  neg^lected 
J' = Characteristic  radiation  from  hot  air,  that  is,  h  neglected 
Then   at   zero   depth,  J  4- J'  is  the  total  radiation   from    air. 
Lambert's  law  is  J= J'a^,  and  we  have  plotted  the  quantity 

---  -  versus  d.     Taking  ^/,  =  1,  and  /72=2'083,  we  have 

' "- ''",  (1) 


ZT     '  =  0-0332  = 


L 


J     '  =  0-0278  =  -  -^ 


L 


=  0-0169 


(2) 
(3) 


We  wish  to  find  the  value  of  (J-f-J')/L. 
From  (3),  J  =  01 69    L 

whence,  from  (1),  J' a  =  0*0163  L 
and  a  =  0-0163  L/J' 
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Snbfitituting  the  values  of  a  and  b  in  (2),  we  get 

whence  J'  =  Lr^''S*"f" 

L      00109     J 

This  gives  ^-^^.  =  0-0409. 

This  point  fits  in  a  perfectly  satisfactory  manner  upon  a 
smooth  curve  drawn  through  the  observed  points. 

What  the  course  of  absorption  may  be  beyond  a  depth  of  500*", 
we  have  no  means  at  present  of  judging.  It  may  be  suggested 
that  the  compound  nature  of  air  is  responsible  for  its  peculiar 
manner  of  absorption.  Perhaps  its  contained  water  vapor  is 
the  substance  radiating  like  a  black  body,  and  that  apart  from 
this,  the  strongly  curved  portion  of  our'  diagram  snows  the 
characteristic  behavior  of  its  prominent  gaseous  constituents. 
If  this  be  true,  it  follows  that  the  radiation  of  pwre  dry  air  is 
effective  only  at  comparatively  slight  depths.  The  amount  of 
moisture  in  the  air  during  this  course  of  experiments  was  con- 
siderable, the  relative  humidity  not  varying  much  from  78*2. 
It  may  be  that  water  vapor  so  little  removed  from  its  point  of 
saturation  no  longer  behaves  as  a  true  gas,  but  as  an  aggregate 
of  particles,  in  which  case  it  would  transmit  all  rays  with  consider- 
able freedom,  the  particles  producing  a  scattering  effect  merely. 
The  accepted  explanation  of  the  color  of  the  sky  favors  this 
view. 

We  have  now  to  discuss  the  change  of  radiation  of  air  with 
change  of  temperature.  By  introducing  a  variable  resistance 
into  the  circuit  of  the  heating  box  the  temperature  of  the 
heated  air  could  be  changed  at  will.  A  mean  of  five  to  ten 
consistent  observations  was  taken  for  each  temperature  and 
the  results  tabulated  as  follows : 


Table  VI. 

Exc.  Temp. 

Mean  Defi 

22-6 

18-55 

28-2 

24-9 

43-2 

40-9 

72-1 

77-9 

87-0 

105-7 

125-5 

185-9 

Plotting  defieetions  versus  temperatures  from  Table  VI,  we 
obtain  the  following  curve : 
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Calling  D  the  deflection  and  t  the  temperature,  the  equation 
of  this  curve  may  be  written, 

From  which,  using  three  observations,  we  obtain, 

D  =  -7185  t  +  -486  e  (10-')  +  -96  t*  (lO"*) 

the  logarithmic  coefficients  beine^ 

log  A  =  9-856448  — 10 
log  B  =  7-68'7127  —  10 
log  C  =  4-984735  —  10 

From  the  above  the  relative  ratio  of  air  radiation  per  degree 
at  different  tenjperatures  may  be  found. 

For  ^  =  1  °,  we  have  dDldt  =  0*728 
For  t  =  100°,  dD/dt  =  1*98 

Hence  the  radiation  per  degree  at  100°  is  1-98/0-728  =  2*72 
times  greater  than  at  1°. 

There  remains  before  computing  the  value  of  the  radiation 
constant  to  find  the  temperature  gradient  of  the  hot  air  column 
in  the  line  of  sight ;  laterally,  the  central  portion  of  the  air 
column  only  was  used  and  no  correction  in  that  direction  is 
required.  A  thermal  junction  of  thin  copper  and  iron  wires 
was  moved  by  steps  through  the  heated  air  column,  and  the 
readings  of  a  galvanometer,  through  which  the  junction  was 
connected,  noted.  The  edge  of  the  opening  in  the  air  chimney 
being  called  0,  its  center  would  be  at  5.  The  following  read- 
ings were  obtained : 
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Tablk  VII. 

Dist. 

Defi 

5-0 

155 

4-0 

155 

3  0 

155 

2-0 

155 

10 

149 

0-5 

124 

0-2 

105 

0-0 

90 

—0-2 

75 

—  0-5 

50 

-1-0 

22 

The  air  flowing  up  past  the  outside  of  the  warmed  box  gave 
the  deflections  for  negative  values  of  distance ;  the  integral  of 
these  was  nearly  suflScient  to  balance  the  loss  for  less  tempera- 
ture within  the  range  of  positive  values  of  the  distance.  By 
plotting  a  curve  and  integrating  the  positive  and  negative 
values  with  reference  to  distance,  and  radiation  rate  as  derived 
from  Curve  III,  we  And  the  actual  air  column  to  be  0*967  as 
effective  as  a  column  10*™  deep,  and  at  a  temperature  measared 
at  its  center. 

We  are  now  prepared  to  calculate  the  radiation  constant, 
A.  Assume  that  this  is  wanted  for  an  excess  temperature  of 
100°,  a  depth  of  1"",  and  zero  absorbing  column.     We  have: 

Ave.  of  all  exc.  air  temps,  observed  =  122° 
Defl.  for  122°  from  Curve  III  =  179 

a        a     loQO       u  u  u     =130 

Rad.  per  deg.  from  lampbl.  at  4°  exc.  (avg.)  =  -000249  (M'Farl.) 
Ratio  of  air  to  lampblack  radiaticm  for  zero 

absorbing  column,  from  Curve  II,  =  '041 
Therefore      K  =  (130/1 79)  (-000249)  (0-1)  (-041)  (0-967) 

=  0-000000717  water-gram-degrees  per  sq.  cm. 
per  sec.  per  deg.  exc.  temp. 

For  1°,  this  becomes  0-000000264,  and  may  be  found  with 
great  facility  from  the  curves  given,  or  from  their  equations, 
lor  any  temperature  or  depth  of  absorbing  column  within  the 
limits  of  our  observations. 

If  our  surmise  be  correct  that  the  freely  transmitted  part 
of  moist  air  radiation  is  from  its  contained  water  vapor, 
amounting  to  40  per  cent  of  the  whole,  then  the  above  numbers 
would  become  for  dry  air,  0-00000043  and  0*00000016,  respec- 
tively. 

I' 

Bowdoin  CoUege,  Jnly,  1»04. 
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Art.  XXXII. —  Uintdcrinus  and  Hemiaster  in  the  Vancouver 

Creta^ceous ;  by  J.  F.  Whiteaves. 

Very  few  remains  of  echinoderinata  have  hitherto  been 
found  in  the  Cretaceous  rocks  of  Vancouver  and  the  adjacent 
islands.  Those  enumerated  in  the. latest  and  most  complete 
list  of  the  fossils  of  these  rocks,  published  by  the  Geological 
Survey  of  Canada  in  1902,  are  only  fragments  of  the  test  of  a 
regular  echinid  ;  portions  of  the  ray  of  a  live-rayed  starfish ;  a 
five-lobed  joint  or  the  column  of  a  pentacrinite ;  and  a  frag- 
ment of  the  basal  portion  of  the  dorsal  cup  of  a  crinoid. 
Although  three  of  the  classes  of  echinodermata  were  then 
known  to  be  represented  in  tliese  rocks,  it  was  by  such  frag- 
mentary specimens  that  it  was  scarcely  possible  to  determine 
them,  even  generically. 

But,  in  a  collection  of  Cretaceous  fossils  from  various  locali- 
ties on  or  near  Vancouver  Island,  recently  sent  to  the  Museum 
of  the  Canadian  Geological  Survey  by  Mr.  Walter  Harvey, 
there  are  two  fairly  good  specimens  of  a  crinoid,  and  as  many 
as  forty  of  a  spatangoid  or  heart  urchin. 

The  two  crinoids  evidently  belong  to  the  same  species,  and 
are  obviously  referable  to  the  scvssile  genus  Uintacrinus^ 
Grinnell. 

One  of  them  is  a  comparatively  large  cast  of  the  interior  of 
a  dorsal  cup,  crushed  nearly  flat,  upon  a  piece  of  brittle  shale 
from  the  north  bank  of  the  Cowiehan  River,  V.  I.,  about  a 
mile  above  the  bridges  at  Duncan's,  collected  by  Mr.  Harvey 
in  1903.  It  is  well  preserved  and  shows  a  monocyclic  base, 
with  an  undivided  centrale,  five  small  basals,  five  large  radials, 
the  third  circlet  of  plates,  and  a  few  plates  of  the  fourth.  In 
their  shape  and  arrangement,  the  whole  of  these  plates  corre- 
spond very  well  with  those  of  some  regular,  monocyclic  speci- 
mens of  the  dorsal  cup  of  Uintacrinus^  as  figured  in  the  latest 
memoir  on  that  genus  by  the  Hon.  Frank  Springer  (1901)  and 
as  shown  in  some  fine  specimens  of  U.  socialis  from  Kansas, 
kindly  forwarded  by  Mr.  Springer  for  comparison. 

The  other  specimen  is  a  small,  badly  preserved  and  rather 
worn  cast  of  the  interior  of  a  cal^^x,  also  crushed  nearly  flat, 
from  similar  shales  about  a  mile  south  from  Vesuvius  Bay, 
Salt  Spring  Island,  in  the  Strait  of  Georgia,  collected  bv  Mr. 
Harvey  in  1902. 

Both  of  these  specimens  are  clearly  referable  to  the  genus 
Uiniacrimcs^  but  they  are  scarcely  sufficiently  perfect  for 
specific  determination  or  description,  though  it  must  be 
admitted  that  they  show  no  characters  by  which  they  can  be 
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satisfactorily  distinguished  from  some  forms  of  the  typical  and 
venr  variable  V.  socialis. 

In  Utah  and  Kansas  Vintacrintts  is  said  to  have  been  found 
only  in  the  Niobrara  chalk,  but  the  exact  equivalent  of  that 
subdivision  of  the  Upper  Missouri  section  has  not  yet  been 
recognized  in  the  Nanaimo  group  of  the  Vancouver  Creta- 
ceous. The  specimens  of  Uintacrinus  from  Vancouver  and 
Salt  Spring  islands  are  from  the  lower  beds  of  the  Nanaimo 
group,  below  the  coal,  and  it  has  yet  to  be  ascertained  whether 
the  genus  occurs  at  a  little  higher  geological  horizon  than  the 
Niobrara  at  those  islands,  or  whether  the  supposed  lower  beds 
of  the  Nanaimo  group  may  not  at  some  places  represent  or 
include  the  Niobrara.  In  the  Queen  Charlotte  Islands  the 
**  Upper  shales  and  sandstones,  or  subdivision  A,  of  Dr.  G.  M. 
Dawson's  Report"  on  these  islands,  which  hold  Inoceramtu 
lahiatus  (prohlematicus)  are  supposed  to  represent  the  Nio- 
brara. 

The  spatangoids  are  casts  of  the  interior  of  the  test  of  a 
species  of  Hemiaster^  from  riiales  and  sandstones  of  the 
Nanaimo  group,  at  four  localities  on  Vancouver  Island  and  one 
on  Salt  Spring  Island.  Many  of  these  casts  are  distorted  and 
crushed  out  of  shape,  but  others  are  well  preserved  and  very 
little  if  at  all  distorted.  Two  of  .them,  in  particular,  are 
almost  perfect  and  very  well  preserved,  and  both  of  these  have 
recently  been  presented  to  the  Museum  of  the  Canadian  Geo- 
logical Survey.  One  of  them,  the  Urst  that  was  obtained,  was 
found  by  Miss  Wilson,  in  1897,  on  the  north  bank  of  the 
Cowichan  Kiver,  V.  I.,  near  Menzies  Creek ;  and  the  other  by 
Mr.  Harvey,  in  1903,  at  Shopland,  V.  I.  Mr.  Harvey  writes 
that  he  has  found  specimens  of  this  heart  urchin  all  over  the 
Cowichan  coal-field,  V.  I.,  at  the  northeast  end  of  Salt  Spring 
Island,  and  at  Crofton,  V.  I.,  the  most  southerly  point  of  the 
Nanaimo  coal-field,  in  1902,  1903  and  1904. 

Only  one  species  of  Ilemiaster  has  previously  been  recorded 
as  occurring  m  the  Cretaceous  rocks  of  North  America.  This 
is  the  H,  Ilumphreysanus^  from  the  Fort  Pierre  or  Montana 
formation  of  the  Upper  Missouri  country,  and  district  of 
Athabaska,  which  was  first  described  by  Meek  and  Havden  in 
1857,  and  re-described  and  figured  by  ileek  in  1876.  feut  the 
fauna  of  the  Cretaceous  rocks  of  the  Pacific  coast  is  in  many 
respects  different  to  that  of  their  representatives  in  the  great 
interior  plateau,  and  the  Vancouver  ilemiaster  seems  to  differ 
from  H,  Ihunphreymnus  in  its  much  more  depressed  and 
widely  suboval  or  subovate  form.  It  may  be  provisionally 
named  and  described  as  follows : 
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Hemiaater  VdticauverensiSy  Bp.  nov. 

Cast  of  the  interior  of  the  test  widely  saboval  or  subovate  in 
marginal  outline,  a  little  longer  than  wide,  and  widest  at  or  a 
little  in  advance  of  the  midlength,  with  the  posterior  end 
abruptly  and  almost  vertically  truncated  in  some  specimens  but 
not  so  much  so  in  others.  Dorsal  or  abactinal  surface  depressed 
convex,  very  slightly  elevated,  most  prominent  at  a  short  dis- 
tance from  the  posterior  end;  ventral  or  actinal  surface  flattened; 
greatest  height  about  one-half  of  the  maximum  length.  Oral 
aperture  not  well  shown  in  any  of  the  specimens  collected,  vent 
small,  a  little  higher  than  wide,  placed  high  up  on  the  truncated 
posterior  extremity  aitd  near  the  abactinal  surface ;  apical  disc 
situated  at  a  considerable  distance  behind  the  midlength  in  some 
specimens,  but  not  very  far  from  median  in  others.  Ambulacra 
very  unequal  in  length ;  the  odd  anterior  ambulacrum  being  a 
little  longer  than  the  anterolaterals,  but  rather  indistinctly 
defined  at  the  anterior  end,  and  the  anterolaterals  much  longer 
than  the  short  posterolaterals.  Anterior  median  sulcus  shallow 
but  well  marked,  and  giving  a  faintly  eraarginate  or  subemargi- 
nate  outline  to  the  anterior  end.  Anterior  ambulacrum  entirely 
included  within  the  median  sulcus;  anterolateral  ambulacra 
petaloidal,  narrowly  elliptical  and  shallowly  depressed ;  postero- 
lateral ambulacra  also  shallowly  depressed,  somewhat  similar  in 
shape  to  the  anterolaterals,  but  not  more  than  one-half  of  their 
length.     Spines  and  exterior  of  the  test  unknown. 

The  foregoing  description  is  based  almost  exclusively  upon 
the  two  nearly  perfect  and  undistorted  casts  from  the  Cow- 
icban  River  and  Shopland,  already  referred  to,  and  these  may 
therefore  be  regarded  as  the  types  of  the  species. 
Ottawa,  Angost  28, 1004. 
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Abt.  XXXIII. — The  Separation  of  the  fnost  Volatile  Gasea 
from    the   Air   without    Liquefaction;*    by    Sir    James 
Dewar. 

[Read  before  the  Royal  Society  of  London,  Jane  16,  1904.] 

From  the  time  wlien  liquid  air  came  to  be  an  ordinary 
laboratory  agent  I  have  continually  used  it  for  the  purpose  of 
producing  high  vacua  in  vessels  that  had  been  previously  filled 
with  easily  condensa1)le  gases,  like  sulphurous  acid,  carbonic 
acid,  vapor  of  water  or  benzol. 

1  When   the  liquefaction  of  hydrogen   was  effected, 

one  of  the  first  scientific  uses  to  which  it  was  put  was 
that  described  in  my  paper  on  the  "  Application  of 
^o       Liquid  Hydrogen  to  the  Production  of  High  Vacua, 
IT        together  with  theu*  Spectroscopic  Examination."f     In 
that  communication  it  was  shown  by  theory  and  con- 
\C        firmed  by  experiment  that  the  condensing  power  of 
i  liquid  hydrogen  is  so  great  relatively  to  that  of  liquid 

f  oxygen  or  nitrogen,  that  any  closed  vessel,  a  part  of 

'S  which  is  cooled  to  the  boiling  point  of  hydrogen,  must 
n  suddenly  become  a  highly  vacuous  space.  This  was 
proved  by  the  great  difficulty  of  getting  electric  dis- 
charges to  pass  through  specially  prepared  spectro- 
scopic tubes  when  subjected  to  liquid  hydrogen  cool- 
ing, and  from  the  fact  that  when  the  current  did  pass 
no  lines  of  oxygen  or  nitrogen  were  seen,  but  only 
those  of  livdroffcn,  helium  and  neon.  In  order  to 
separate  these  latter  gases  from  air  it  was  necessary  to 
liquefy  a  (juantity  of  air  and  to  distill  off  the  most 
volatile  portion  at  as  low  a  temperature  as  possible 
into  a  separate  receiver  placed  in  liquid  hydrogen. 
In  this  way  many  spectrosco[)ic  tubes  were  filled  with 
the  uncondensable  air  gases  and  the  results  of  their 
examination  is  recorded  in  a  paper  entitled  "  On  the 
Spectra  of  the  more  Volatile  (lases  of  Atmospheric 
Air,  wliicli  are  not  condensed  at  the  Temperature  of 
Li(|uid  Hydrogen,"^  by  Professor  Liveing  and  myself. 
Some  two  years  later  I  improved  the  method  of  separation 
of  the  volatile  air  gases.  The  j)roccss  is  fully  described  and 
illustrated  in  my  paper  on  "  Problems  of  the  Atmosphere.''^ 
Its  success  depends  upon  the  continuous  direct  liquefaction  of 
air  at  atmosplieric   pressure  combined   with  a  device  which 


\ 


*  From  an  udvance  proof  sent  bv  the  author. 
tProo.  Rov.  Soc,  vol.  Ixiv,  1898. 
i  Proc.  Rov.  Soc,  vol.  Ixvii,  1900. 
J^Proc.  Rov.  Inst.,  1902. 
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enables  the  more  volatile  jg^es  to  be  trapped  and  separated. 
In  this  way  some  l/35,000th  of  the  volume  of  the  air  liqaefied 
is  collected  as  a  gaseous  mixture,  having  the  composition  38 
per  cent  of  nitrogen,  4  per  cent  of  hydrogen,  and  58  per  cent 
of  mixed  helium  and  neon.  After  sparking  to  remove  the 
nitrogen  and  hydrogen  a  gaseous  mixture  of  helium  and  neon 
containing  a  little  argon  was  obtained.  This  mixture  had  the 
comp<>sition  of  10  per  cent  helium  and  84  per  cent  neon.  In 
both  methods  of  treatment  it  will  be  noted  the  liquefaction  of 
the  air  was  the  essential  preliminary  operation,  to  l)e  supple- 
mented in  the  one  case  by  the  use  of  liquid  hydrogen,  in  the 
other  by  sparking  to  remove  the  nitrogen.  The  paper  already 
communicated  to  the  Royal  Society,*  entitled  ''  The  Absorption 
and  Thermal  Evolution  of  Gases  Occluded  in  Charcoal  at  Low 
Temperatures,"  in  which  the  greatly  increased  power  of  occlu- 
sion possessed  by  cliarcoal  at  low  temperatures  is  proved,  sug- 
gested an  inquiry  into  the  limits  of  gaseous  pressure  reached 
by  such  means  of  condensation. 

With  this  object  a  narrow  tube  CE,  fig.  1,  was  sealed  to  an 
ordinary  spectroscopic  sparking  tube  AB,  and  at  the  end  E  an 
enlarged  space  was  blown  out  capable  of  holding  a  few  grams 
of  cocoanut  charcoal.  After  the  charcoal  had  been  freed  from 
gases  by  heating  and  exhaustion  and  the  poles  cleared  by 
sparking  during  this  operation,  pure  and  dry  gases  like  oxygen, 
nitrogen,  air,  carbonic  oxide,  hydrogen,  neon  and  helium  could 
be  admitted  at  different  pressures  and  the  tube  with  its  charcoal 
chamber  attached  sealed  off. 

On  placing  the  charcoal  end  of  the  apj)aratus  in  liquid  air, 
the  gas  in  each  case  was  rapidly  absorhed  and  the  vacuum 
produced  reached  the  plios[)liorescent  stage  in  all  cases  with 
the  exception  of  hydrogen,  neon,  and  helium.  A  small 
Crookes'  radiometer,  full  of  air  at  atmospheric  pressure,  with 
charcoal  tube  attached,  became  rjuite  active  to  heat  radiation 
when  the  charcoal  was  cooled  for  half  a  minute  in  liquid  air. 
To  test  the  amount  of  exhaustion  reached  by  the  use  of  a  given 
weight  of  cocoanut  charcoal,  I  sealed  on  a  tube  containing  30 
grams  to  a  large  electric  discharge  tube  of  1300  c.c.  capacity 
filled  with  air  at  atmospheric  pressure.  On  cooling  the  char- 
coal receptacle  in  licjuid  air  the  pressure  diminished  to  50"'™  of 
mercury.  Repeating  the  same  experiment  but  starting  with 
the  tube  initially  at  half  an  atmosphere,  the  exhaustion  reached 
was  now  beyond  the  stria*  stage.  A  further  experiment  start- 
ing with  one-fourth  of  an  atmosphere  gave  a  vacuum  through 
which  no  discharge  passed. 

Finally,  the  30  grams  of  charcoal  were  replaced  by  only  1 
gram  and  the  initial  pressure  was  reduced  to  3"""  of  mercury. 

♦.This  Journal,  p.  295  following. 
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Mow  the  vacaam  mat  reached  the  heginning  of  the  phosphor- 
escent 6ta^.  With  hydrogen,  eitlier  a  preasnre  of  gas  less 
than  that  of  the  atmosphere  had  to  be  iiaed  at  startiog  or  a 
larger  amount  of  charcoal  employed  in  order  to  get  a  vactinm 
well  up  in  the  Btrise  stage.  If,  however,  the  liquid  air  was 
cooled  to  —210°  C.  by  exhaustion,  the  tnbe  just  reached  the 
beginning  of  phosplioresceiice  round  tlie  cathodes. 

With  helium  tliere  was  a  very  slight  absorption,  but  neon 
did  show  something  more  appreciably.  Spectroacopic  obserra- 
tions  made  during  the  condensation  of  the  gas  in  the  charcoal 
showed  the  gradual  disappearance  of  the  characteristic  spec- 
trum of  oxygen,  nitrogen  and  air,  as  the  high  vacuum  was 
reached  and  the  discharge  passed   with  great  ditHcnlty.     In 


tubes  of  this  kind  filled  at  atmospheric  pressnre  I  could  always 
see  the  F  line  of  hydrogen  and  the  neon  yellow;  but  the 
helium  was  not  seen  with  any  detinitetiess.  As  the  amount  of 
neon  in  the  air  cannot  well  exceed  l/50,000th  the  spectroscopic 
test  is  very  delicate. 

In  order  to  bring  in  the  helium  lines  it  was  necessary  to 
concentrate  the  voluine  of  nir  in  the  space  of  the  sparking  tube 
six  or  seven  times.  This  was  done  by  the  nse  of  an  arrange- 
ment shown  in  tig.  2.  AB  is  the  sparking  tube  with  its  small 
charcoal  bulb  C  attached,  capable  of  being  sealed  off  when 
required  at  (i ;  and  D  and  E  are  larger  charcoal  absorba-s 
placed  in  vacuum  tubes  containing  liquid  air;  the  whole  being 
attached  to  a  graduated  gas-holder  containing  air.  A  series  oi 
glass  stop-cocks  are  attached  at  the  points  H,  I,  J  and  K  in 
order  to  facilitate  manipulatiou.  In  determiniitg  the  volume 
of  air  required  to  bring  in  the  helium  lines,  only  one  charcoal 
absorber  cuntaiiiing  about  15  grams  of  material  was  used.  On 
allowing  ^00  c.c.  of  air  from  the  ga«  holder  tu  be  sucked  into 
the  charcoal  (which  had  been  previously  exhausted  along  with 
the  sparking  tube)  on  opening  the  sto])-{;ock  H  any  residuary 
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gas  in  D  was  swept  into  the  sparking  tube,  which  was  then 
sealed  off  at  G. 

This  tube  gave  the  hydrogen  lines  C  and  F,  the  neon  yellow, 
and  some  of  the  orange  lines,  along  with  the  helium  yellow 
and  green  quite  distinct.  With  the  residuary  gas  extracted 
from  one  liter  of  air  I  could  see  all  the  helium  lines.  On  the 
positive  pole  the  neon  yellow  and  the  green  of  helium  were 
alone  marked,  while  the  negative  pole  ^ave  both  the  neon  and 
helium  yellow  lines  along  with  the  helium  green  and  the  F  of 
hydrogen  on  the  continuous  spectrum.  From  this  it  would 
appear  that  the  spectroscopic  test  for  helium  is  as  delicate  as 
that  for  neon,  and  that  1/50,000  can  be  recognized.  From  3 
liters  of  air  discharge  tubes  were  obtained,  giving  the  neon 
and  helium  spectra  associated  with  a  brilliant  ruddy  glow 
discharge. 

As  40-50  grams  of  charcoal  can  absorb  at  the  temperature 
of  liquid  air  from  5-6  liters,  it  is  eavsy  to  accumulate  rapidly 
the  uncondensed  gases  in  considerable  quantities  for  spectro- 
scopic examination.  For  this  ])urpose  I  found  it  convenient  to 
use  two  charcoal  condensers  in  circuit  as  represented  in  fig.  2. 
After  the  charcoal  in  the  first  one  marked  E  was  saturated, 
the  stop-cock  K  was  closed,  while  I  and  J  were  opened  for  a 
short  time  so  as  to  allow  the  less  con(lensal)le  gas  in  E  to  be 
Backed  into  the  second  vessel  of  the  same  type  D  along  with 
some  portion  of  air.  The  cliarcoal  condenser  E  was  then  taken 
out  or  the  liquid  air,  and  rapidly  heated  to  15°  C.  in  order  to 
expel  the  occluded  air.  It  was  thus  in  a  condition  to  repeat 
the  absorption.  In  this  way  50  liters  of  air  can  be  treated  in 
a  short  time.  Sparking  tubes  filled  from  the  accumulated  gases 
in  D  were  very  brilliant,  showing  the  complete  spectrum  of 
the  volatile  constituents  of  air.  It  is  hardly  necessary  to 
remark  that  after  the  little  charcoal  receptacle  connected  to 
each  of  the  sparking  tubes  has  been  cooled  and  thus  all  traces 
of  air  absorbed,  it  can  be  scaled  off,  leaving  the  spectroscopic 
tubes  intact.  The  complete  spectroscopic  study  of  the  ])roducts 
must  be  left  for  further  examination  with  l*rofessor  Liveiug. 

The  method  I  have  deseril)ed  will  be  equally  applicable  to 
the  treatment  of  the  gaseous  products  from  minerals  containing 
helium,  hydrogen,  etc.,  and  also  to  the  radium  products  of  a 
similar  kind.  It  seems  even  probable  that  the  sei)aration  of 
the  less  volatile  constituents  in  air  may  be  improved  by  a 
slight  modification  in  the  mode  of  working.  Ihe  behavior 
of  the  gases  from  the  Bath  Springs  has  been  examined.  When 
the  gas  containing  1/lOOOth  part  of  helium  in  what  may  be 
regarded  as  pure  nitrogen  is  subjected  to  charcoal  absorption 
exactly  in  the  same  way  as  the  air  was  treated,  no  high  vacuum 
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is  reached.  All  the  nitrogen  and  any  other  constitaente  dis- 
ap]>ear,  and  a  spectrum  of  helium  and  hydrogen,  showing  mach 
less  neon  than  exists  in  the  volatile  residue  from  atmospheric 
air,  is  the  result.  A  sample  of  argon  made  from  Bath  gas  gave, 
when  the  argon  was  absorbed  in  charcoal,  a  gas  residiium  giv- 
ing the  helium  and  neon  spectrum,  and  the  same  result  foUowg 
the  use  of  atmospheric  argon.  In  the  case,  however,  of  the 
Bath  gas  argon  tne  helium  spectrum  is  the  stronger,  whereas 
with  air  argon  the  neon  is  the  most  pronounced. 

In  order  to  further  test  the  method,  the  crude  gases  got  by 
heating  the  mineral  ferffusonite  were  examined.  During  the 
cooling  of  the  charcoal  tne  nitrogen  and  hydrogen  spectra  were 
marked,  but  in  a  short  time  nothing  could  be  seen  but  the  lines 
of  hydrogen  and  helium. 

Great  mterest'will  attach  to  the  behavior  of  helium,  hydro- 
gen and  the  most  volatile  part  of  air,  when  subjected  to  the 
action  of  charcoal  cooled  to  the  temperature  of  liquid  hydrogen. 
The  method  promises  to  open  up  many  avenues  for  future 
inquiry. 
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Abt.  XXXIV. — Ths  Ahaorption  and  Thet^mal  Evoiution  of 
Gases  occluded  in  Charcoal  at  Low  Temperatures;  by 
Sir  James  Dewar.* 

[Read  before  the  Royal  Society  of  London,  June  16,  1904.] 

Ddbino  the  year  1874-5,  in  association  with  the  late  Pro- 
fessor Tait,  a  research  was  undertaken  which  involved  the 
production  of  very  perfect  vacua,  and  with  tlie  object  of 
improving  on  the  then  known  methods,  dense  charcoal  was 
employed  as  an  efficient  absorbent  of  traces  of  any  gaseons 
residuum.  An  account  of  these  experiments  communicated 
to  the  Royal  Society  of  Edinburgh  appeared  in  Nature,  July 
15,  1875,  under  the  title  of  ''  Charcoal  Vacua." 

In  Professor  Clerk  Maxwell's  Notes  on  "  Molecular  Phvsics" 
the  following  succinct  description  of  the  process  is  given : 
'^  Another  method  employed  by  Professor  Dewar  is  to  place 
in  a  compartment  of  the  vessel  a  piece  of  freshly  heated 
eocoanut  charcoal,  and  to  heat  it  strongly  during  the  last  stages 
of  the  exhaustion  by  the  mercury  pumj).  The  vessel  is  then 
sealed  up,  and  as  the  charcoal  cools  it  absorbs  a  very  large 
proportion  of  the  gases  remaining  in  the  vessel. 

"  The  interior  of  the  vessel,  after  exhaustion,  is  found  to  be 
possessed  of  very  remarkable  properties.  One  of  these  prop- 
erties furnishes  a  convenient  test  of  the  completeness  of  the 
exhaustion.  The  vessel  is  provided  with  two  metallic  elec- 
trodes, the  ends  of  which  within  the  vessel  are  within  a  quarter 
of  an  inch  of  each  other.  When  the  vessel  contains  air  at  the 
ordinary  pressure  a  considerable  electromotive  force  is  required 
to  produce  an  electric  discharge  across  this  interval.  As  the 
exhaustion  proceeds,  the  resistance  to  the  discharge  diminishes 
till  the  pressure  is  reduced  to  that  of  about  a  millimeter  of 
mercury.  When,  however,  the  exhaustion  is  made  very  per- 
fect the  discharge  cannot  be  made  to  take  place  between  the 
electrodes  within  the  vessel,  and  the  spark  actually  passes 
through  several  inches  of  air  outside  the  vessel  before  it  will 
leap  the  small  interval  in  the  empty  vessel.  A  vacuum,  there- 
fore, is  a  stronger  insulator  of  electricity  than  any  other 
medium." 

At  one  of  the  conferences  held  in  connection  with  the 
Special  Loan  Collection  of  Scientific  Apparatusf  in  the  year 
1876,  I  showed  that  with  a  vapor  like  bromine  the  absorptive 
power  of  the  charcoal  was  so  effective  that  a  space  filled  with 

•  From  an  advance  proof-sheet  by  the  author. 

f  See  Science  Conferences,  Physics  and  Mechanics,  p.  154. 
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tlie  vapor  even  at  atmospheric  pressure  could  I»e  made  into  a 
fairly  iiigli  vacuum  showing  very  wi<le  strise.  When  the  char- 
coal waslieated  tlie  bruiuinc  vapor  was  a^in  expelled,  and  on 
allowing  it  to  cool,  all  stages  in  the  appearance  of  the  electric 
discharge  as  the  vacuum  is  reached  could  be  conveniently 
observed  without  the  use  of  any  form  of  air-pump. 

When  in  tlie  course  of  low  temperature  investigations  the 
perfection  of  the  vacuum  vessels  for  the  etoi-age  ana  manipula- 
tion of  liquid  air  and  hydrogeu  came  to  bo  important,  the 
effect  of  charcoal  on  heat  isolation  in  such  ut^nsiis  was  fullv 


investigated  and  contirmed  in  a  paper  entitled  "  Liquid  Air  as 
an  Analytic  Agent."*  Still  no  systematic  experiments  on  the 
absorptive  power  of  charcoal  at  low  temperatures  were  made 
either  at  this  time  or  suhsecinently. 

It  is  the  object  of  the  present  preliminary  paper  to  contrib- 
ute some  dehnitc  <piantitativc  data  regardmg  gas  absorption 
and  tliernml  evolution  in  charcoal  at  the  temperature  of  liquid 
air.  The  mode  in  which  liquid  gases  like  oxygen  or  air  could 
be  used  an  cftlorimetric  agents  was  described  in  my  paper  on 
the  ''Scientific  Uses  of  Liquid  Air."t 
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The  apparatus  was  further  improved  into  the  form  illustrated 
and  desenbed  in  Madame  Curie's  Work,  "  Recherehes  sur  les 
Substances  Radio-Actives,"  2d  edition,  p.  100,  as  used  for  the 
determination  of  the  heat  evolved  by  radium  bromide  either 
in  liquid  oxygen  or  hydrogen.  Such  calorimeters  are  easily 
adapted  to  the  simultaneous  observation  of  the  volume  of  any 
gas  absorbed  bv  charcoal,  and  of  the  concomitant  heat 
evolution. 

For  this  purpose  a  small  glass  bulb  C  (tig.  1)  containing  from 
0*5-1  gram  of  charcoal  has  a  long  narrovr  tube  C*  attached, 
so  that  it  can  be  immersed  in  the  liquid  oxygen  or  air  in  the 
calorimeter  A  B,  while  still  allowing  a  part  of  the  tube  to 
project  above  the  cork  A.  In  order  to  dry  and  cool  the  40  c.c. 
of  gas,  which  represents  the  largest  volume  taken  in  by  the 
charcoal  in  my  experimenfs,  a  little  annular  space  is  arranged 
at  D  into  which  liquid  air  is  poured  immediately  before  the 
experiment  is  made. 

The  charcoal,  after  being  placed  in  the  tube  C,  is  heated 
to  a  low  red  heat  and  simultaneously  exhausted  by  a  good 
air-pump,  and  after  all  the  gas  has  been  removed  the  stop- 
cock E  is  closed.  In  this  condition  it  is  placed  in  the 
calorimeter. 

The  experiment  is  conducted  by  connecting  the  end  of  the 
tube  at  E  by  means  of  an  india-rubber  tube  with  a  graduated 
vessel  F  containing  the  gas.  When  all  is  ready  the  stop-cock 
E  is  opened,  so  that  the  gas  may  rush  into  the  charcoal,  and 
the  heat  evolved  by  its  absorption  distills  off  the  equivalent 
quantity  of  liquid  air  from  the  calorimeter,  which  is  measured 
in  the  vessel  G. 

The  constant  of  the  calorimeter  being  known  (which  with 
liquid  air  is  about  14*5  c.c.  per  calory),  we  get  the  actual 
thermal  evolution  together  with  the  volume  of  gas  absorbed. 

The  heat  correction  for  the  rush  of  gas  into  the  same 
exhausted  glass  bulb  without  charcoal  is  small  in  proportion 
to  the  total  heat  evolved,  and  the  same  may  be  said  of  the 
volume  correction  on  account  of  the  cooling  of  the  space 
external  to  the  charcoal.  With  a  variable  material  like  cocoa- 
nut  charcoal  I  have  in  the  calori metric  experiments  used  the 
same  sample  in  all  cases.  The  following  table  embodies  the 
general  results  per  cubic  centimeter  of  charcoal.  The  gas 
absorption  is  given  at  0°  and  760""".  If  the  volume  of  gas 
absorbed  had  been  measured  under  the  same  conditions  of 
pressure  at  —185°  C,  then  the  numbers  in  Column  II  would 
all  have  to  be  divided  by  three. 
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I.  II.  m. 

Volume  Volnme  Heat  evolved, 

absorbed.  abeorbed.  Giam- 

0"  C.  -185"  C.  calories. 

Hydrogen    4  c.c.  1 36  c.c.  9'3 

Nitrogen 15    *♦  165    «  25-5 

Oxvgen    18    "  230    "  34-0 

Argon 12    *'  175    "  26*0 

Helium 2    "  15    "  2*0 

Electrolytic  gas 12    "  150    "  17-0 

Carbonic  oxide  and  oxy- 
gen          30    "  195    "  34-5 

Carbonic  oxide 21    "  190    '*  27*6 

In  all  cases,  it  will  be  observed,  the  amount  of  gas  occluded 
has  been  greatly  increased  at  the  low  temperature,  and  the 
degree  of  condensation  is  generally  such  as  we  should  antici- 
pate from  the  known  physical  constants  of  the  gases.  The 
amount  of  heat  evolved  is  so  great  as  to  be  in  excess  of  that 
required  for  liquefaction  in  the  case  of  gases  like  hydrogen, 
nitrogen,  and  oxygen.  The  heat  produced  when  successive 
fractions  of  the  volume  of  gas  required  for  saturation  are 
absorbed  has  yet  to  be  determined.  In  the  time  required  for 
the  absorption  no  measureable  amount  of  chemical  combination 
was  effected  between  mixtures  of  hydrogen  and  oxygen  or 
carbonic  oxide  and  oxygen  in  the  pores  of  the  charcoal. 

Such  experiments  must  be  extended  to  the  use  of  platinized 
charcoal  and  other  catalytic  agents. 

Perhaps  the  most  striking  result  is  the  great  difference  in 
properties  exhibited  by  helium.     While  resembling  the  other 

? cases  in  showing  increased  absorption  at  the  temperature  of 
iquid  air,  the  absolute  amount  occluded  per  unit  volume  of 
charcoal  is  about  one-tenth  that  of  the  other  gases  at  the  same 
temperature.  There  can  be  little  doubt  that  when  the  relative 
absorption  of  helium  in  charcoal  is  measured  at  the  tempera- 
ture of  liquid  hydrogen,  the  increased  absorption  will  be  so 
marked  as  to  make  it  comparable  to  that  of  hydrogen  in  the 
present  set  of  experiments.  In  this  case  charcoal  at  the  boil- 
mg  point  of  hydrogen  will  become  an  efficient  condensing 
agent  for  helium,  and  this  property  will  have  important  appli- 
cations in  future  research. 

Separatio7i  of  Highly  Concentrated  Oxygen  from  Air. 

In  order  to  examine  the  changes  taking  place  in  a  mixed 
gas  like  air  during  the  absorption,  a  quantity  of  about  50 
grams  of  charcoal  was,  after  heating  and  exhaustion,  saturated 
at  —185°  in  a  current  of  pure  dry  air;  got  by  passing  the  air 
current  through  a  U-tube  immersed  in  liquid  air. 

For  a  time  the  air  rushed  into  the  charcoal  with  great  rapidity, 
and  in  about  10  minutes  between  5  and  6  liters  were  taken  in. 
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A  manometer  attached  to  the  vessel  contaiuing  the  charcoal 
showed,  on  shutting  off  the  air  current,  that  during  the  early 
part  of  the  saturation  the  absorption  was  so  effective  as  to  give 
practically  no  measumble  mercury  pressure.  As  soon  as  the 
absorption  was  ended,  and  a  current  began  to  pass  slowly  over 
the  charcoal,  the  composition  of  the  air  leaving  the  charcoal 
showed  98  per  cent  nitrogen.  After  the  current  of  air  had 
passed  for  half  an  hour,  the  total  gas  occluded  in  the  charcoal 
was  expelled  by  taking  the  vessel  in  which  it  had  been  treated 
out  of  the  liquid  air,  and  allowing  the  temperature  to  rise  to 
15°  C. 

The  gas,  which  was  rapidly  expelled,  measured  5*7  liters,  and 
contained  50  per  cent  of  oxygen.  If  the  saturated  charcoal 
before  heating  up  was  subjected  for  an  hour  to  the  action  of 
an  air-pump,  capable  of  giving  a  steady  exhaustion  of  5™™,  no 
difference  was  enected  in  the  oxygen  percentage  of  the  evolved 
gas.  The  same  experiment  was  repeated  with  this  variation, 
that,  instead  of  the  air  current  having  the  pressure  of  the 
atmosphere,  it  was  kept  below  one-tenth  of  an  atmosphere. 
In  this  experiment,  4*8  liters  were  expelled  on  heating  up,  and 
the  percentage  of  oxygen  was  58.  Then  a  further  repetition 
was  made  with  an  air  current  supplied  at  a  pressure  not  exceed- 
ing 5"*™  of  mercury.  After  3  hours'  treatment,  the  cliarcoal, 
on  heating  to  15°  C,  gave  4^  liters  of  57  per  cent  oxygen. 
From  these  experiments  it  follows  that  the  tension  of  the 
occluded  gases,  at  the  temperature  of  liquid  air,  must  be  very 
small,  and  thus  the  use  of  low  tempenitures,  combined  with 
charcoal,  introduces  a  new  and  greatly  improved  means  of 
getting  high  vacua,  which  in  the  future  may  be  found  suscep- 
tible of  important  practical  applications.  These  experiments 
are  quite  conclusive  as  to  the  practical  constancy  of  the  mean 
composition  of  the  air  gases  occluded  in  the  charcoal  (subject 
to  tlie  conditions  aforesaid),  and  they  further  show  that  wide 
changes  in  the  pressure  of  the  air  current  has  little  or  no  effect 
in  altering  the  proportions.  In  another  experiment,  the  vessel 
containing  the  saturated  charcoal,  instead  of  being  allowed  to 
rise  rapidly  in  temperature,  was  transferred  to  a  vacuum  vessel, 
in  >vhich  a  little  liquid  air  was  placed,  in  order  that  the  tem- 

f)erature  might  rise  slowly,  and  thereby  enable  the  successive 
iters  of  gas  given  off  to  be  collected  separately  and  analyzed. 
This  experiment  gave  the  following  results : — 

Oxygen  per  cent. 

First  liter  18*5 

Second  "  30-6 

Third     "  530 

Fourth  "  72-0 

Fifth      "  79-0 

Sixth      "  840 


^ 
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The  mean  composition  of  the  B  liters  is  aaaiii  56  per  cent 
6xjgen.  From  the  above  experiments  it  follows  that  one  of 
the  most  rapid  means  of  extracting  a  high  percentage  of  oxygen 
from  atmospheric  air  is  to  absorb  it  in  charcoal  at  low  tempem- 
tnree,  and  then  to  expel  it  eithei'  rapidly  or  alowly  by  beating 
the  mass  of  charcoal  to  the  ordinary  temperature. 

A  few  experiments  have  been  made  nsing,  inetead  of  air. 
special  mixtnres  of  oxygen  and  nitrogen,  Tiins  it  was  fonnd 
that  R  gae  containing  fi-5  per  cent  of  oxygen  used  in  the  aarae 
manner  as  in  the  air  occhieiou  experiments,  gave,  on  heating  up 
the  cliarcoal  rapidly  to  15°  C,  5  liters  of  gas  having  the  com- 
position of  23  per  cent,  of  oxygen.  A  repetition  of  tlie  same 
process  with  the  23  per  cent  of  oxygen  wonld  have  raised 
the  percentage  abont  60  per  cent,  or  a  stronger  concentration 
could  have  been  reached  by  fractionating  the  gas  as  it  slowly 
leaves  the  charcoal  on  gradually  increasing  the  temperature. 

This  preliminary  investigation  suggest*  many  fields  for  far- 
ture  inquiry,  and  some  of  tUese  I  hope  to  deal  with  in  future 
papers. 
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i^XXV. — Studies  in  the  Cyperacec^ j  by  Theo.  Holm. 
!IL  The  iDflorescence  of  Cjperus  in  North  America, 
th  figures  in  the  text.) 

SNERAL  consideration  of  the  structure  of  the  inflorescence 
')erus  must  necessarily  result  in  tlie  conclusion,  that 
hout  the  genus  the  structure  is  most  essentially  the  same, 
mponents  are  invariably  the  same:  tlie  involucral  leaves, 
^phylla,  the  branches,  the  floral  bracts  and  the  flowers, 
je  are  clearly  represented  in  each  species;  nevertheless 
liflferences  in  aspect  are  frequently  quite  obvious,  but 
.  to  a  very  large  extent  simply  upon  mere  variations  in 
gth  of  the  inflorescential  branches,  in  the  position  of 
tes,  their  external  shape  and  the  manifold  structure  of 
all,  floral  bracts. — Some  of  these  characters,  however, 
:en  deceptive;  because  in  the  same  species,  it  is  not 
1  to  meet  with  individuals  in  which  the  number  of  spikes 
iced  to  one  or  two,  nearly  sessile,  with   the  involucral 

and  prophylla  very  inconspicuous,  while  typically 
Ded  specimens  may  possess  an  aujple  inflorescence  witli 
aves  and  tubular  prophylla. 

division  of  the  genus  in  sections :    Pycreus^  Cy perns 

Papyrus^  DicUdinm  and  Maviscus^  is  not  directly  based 
eviation  in  respect  to  the  real  components  of  the  inflores- 
but  only  in  regard  to  the  structure  of  the  spikes  and  the 
,  especially  the  arrangement  and  direction  of  the  spikes, 
,pe  of  the  rhachis  and  the  structure  of  the  achenes.  The 
;  distinction  is  not  materially  dependent  upon  the  main 
icence,  inasmuch  as  the  same  form  is  to  be  observed  in 

sections  of  the  genus,  but  here  our  attention  is  directed 
3olor  and  minor  structure  of  the  spikes,  which  constitute 
imate  divisions  of  the  inflorescence,  also,  in  some  cases, 
structure  of  the  rhizome. 

resenting  a  brief  description  of  the  inflorescence  of  the 
ve  freely  admit  that  we  have  nothing  to  add  to  the  old, 
Dst  excellent  one,  given  by  Fenzl  in  his  paper  on 
is  Jaquini  Sehra<l,*  or  to  the  more  recent  one  by 
,t  but  we  wish  to  bring  out  a  few  points  relating  to  the 
re  and  function  of  the  fore  leaves,  which  deserve  some 
)n  and  which  ought  not  to  be  passed  by  entirely  in 
itic  treatments  of  the  genus,  as  has  been  the  case  in 
lan  literature.  It  is,  furthermore,  the  writer's  desire 
onstrate,  that  some  (^f  the  foliar  organs  which  are  pres- 

akschr.  Math.-Naturw.  CI.  Akad.  d.  Wiss.,  Wien,  vol.  8,  1855. 
im.  Linn.  Soc,  vol.  21. 
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FiocBE  1.  InQorPKcence  uf  Cypfrus  phiimiitoiles,  uataial  size. 

FioiTKB  2.  A  pniphvlluii  from  the  basis  of  a  secondarj  r»y  of  am 
oiHgnifiBd. 

FiocHK  3.  Part  of  the  infloreufouce  of  same,  magnified.  The  letters  a 
BXiilaiutd  ill  the  tpst. 
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ent  in  the  inflorescence  of  Cyperus^  are,  to  some  extent,  also 
observable  in  the  panicle  of  certain  Gramineoe, 

Among  the  species  of  CyperuSj  in  which  the  inflorescence  is 
ample  and  in  which  all  the  foliar  organs  are  well  developed 
and  easily  distinguishable,  C,  phymatodea  Muehl.  may  be  used 
for  illustrating  the  composition.  The  accompanying  figure  1 
represents  the  upper  part  of  the  flower  bearing  stem  (St.)  with 
the  long,  leafy  bracts  (B')  arranged  in  a  whorl  near  the  apex 
and  supporting  secondary  branches  or  rays,  as  they  are  often 
calle<l  (K'),  each  of  which  ])ear8  a  tubular  prophyllon  or  fore- 
leaf  (P')  at  the  base. 

The  flower-bearing  stem  itself  is  terminated  by  a  spike  (S), 
borne  on  a  similar  ray  (K')  with  several  lateral  spikes  besides,  but 
of  course  destitute  of  any  bract  or  fore-leaf,  since  it  is  terminal. 
Each  of  the  axillary  rays  (W)  bears  one  pair  of  nearly  opposite 
rays  (R*),  subtended  by  very  small  bracts  (B'')  and  provided 
with  minute  fore-leaves  (P');  al)<>ve  these  secondary  rays  (R") 
there  is  a  number  of  sessile  spikes,  of  which  the  uppermost  is 
the  terminal.  By  examining  these  sessile  spikes,  magnified  in 
our  figure  3,  it  is  readily  seen  that  with  the  exception  of  the 
terminal,  they  are  subtended  by  small  bracts  (B')  and  that  each 
spike  bears  a  fore-leaf  (P');  moreover  this  same  manner  of 
ramification  becomes  repeated  in  the  minor  inflorescence  of 
third  order  where  the  branch  (R')  with  its  bract  (B')  and  fore- 
leaf  (P*)  bears  some  spikes  of  third  order  each  with  a  small 
bract  (B*)  and  a  fore-leaf  (P')  at  the  base. — The  flower-bearing 
stem  (St.  in  fig.  1.)  is,  thus,  extended  into  a  short  and  slender 
rhachis  (R')  above  the  involueral  leaves  (B')  and  this  rhachis 
or  ray  (R*)  is  terminated  by  a  sessile  spike  (^S),  overtopping  a 
various  number  of  scattered,  sessile  and  simple  spikes,  all  of 
which  are  lateral,  being  developed  from  the  axils  of  small  bracts, 
and  each  bearing  a  minute  fore-leaf  at  the  base.  The  only 
difference  between  this  terminal  inflorescence  (R' — S)  and  the 
larger,  lateral  ones  depends,  thus,  merely  upon  these  being  sup- 
ported by  bracts  (B')  and  i)v  the  presence  of  fore-leaves  (P') ; 
these  fore-leaves  (fig.  2.)  correspond  to  the  so-called  clado- 
prophylla,  which  we  have  described  in  a  paper  upon  Car^ex,^ 

This  type  of  umbellate  inflorescence  is  characteristic  of 
several  other  genera  within  the  order,  and  is  well  represented 
in  certain  species  of  Schpus^  Erlophoruvi^  Fimhriatylin^  etc. 
It  is,  moreover,  to  be  found  in  Dulichium^  but  with  the  differ- 
ence that  in  this  genus  the  inflorescence,  although  composed 
of  exactly  the  same  organs,  is  very  long,  the  internodes  between 
the  leaves,  which  subtend  the  lateral  rays,  being  developed  as 
distinct  internodes,  and  the  subtending  leaves  being  provided 

♦This  Journal,  vol.  ii,  p.  214,  1896. 
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with  long  sbeaths  in  contrast  to  the  umbellate  inflorescence  in 
Cyperus  with  sheathless,  involucral  leaves.  Otherwise  we 
find  in  Dulic/iium,  as  already  described,  the  same  fore-leaves 
though  weakly  developed,  since  they  are  hidden  in  the  sheaths 
of  the  bi*acts,  and  have  not  the  same  function  as  those  in 
Cyperus.  The  terminal  inflorescence  in  Dulichium  corresponds 
to  that  of  Cyperus,  but  is  raised  high  above  the  lateral  ones,  on 
account  of  these  (>eing  scattered  along  the  stem  and  borne  on 
relatively  short  peduncles. 

In  speaking  of  the  function  of  the  clado-prophjllon  in 
Cyperus^  we  miglit  state  at  once,  that  it  is  by  means  of  this  organ 
that  the  rays  of  the  umbel  attain  their  more  or  less  horizontal 
position.  This  is  readily  i)erceivable  when  we  compare  a  young 
inflorescence  with  an  older  one.  Because  it  is  a  well-known 
fact  that  before  the  stamens  and  pit^tils  are  fully  developed, 
the  rays  find  the  spikes  are  all  erect  and  congested.  But  a  little 
before  the  flowers  are  ready  for  fecundation  the  rays  spread 
out,  forcing  tlie  involucral,  sheathless  leaves  to  attain  the  same 
position,  and  the  spikes  themselves  gradually  bend  downwards 
{Mariscus)  or  horizontally  {Cyperus  proper,  JPucreiiSHJid  Dicli- 
dinin)  by  the  swelling  of  the  small,  basal  prophylla  (P*  and  P*). 
This  movement  is  best  noticeable  in  the  large,  tubular  prophylla 
(P')  at  the  base  of  the  rays,  and  we  might,  thus,  briefly  describe 
the  structure  of  these  organs  in  order  to  show,  how  the  move- 
ment takes  place.  The  lore-leaves  (fig.  2)  are  tubular  with  a 
short,  free  apex,  and  they  show,  when  mature,  a  very  prominent 
swelling  at  their  base  and  on  that  face  which  morphologically 
is  the  dorsal ;  the  swelling,  sometimes,  attains  the  dimensions 
and  shape  like  a  spur,  while  the  rhachis  itself  remains  slender 
in  its  entire  length.  It  is,  thus,  on  the  dorsal  face  of  the  pro- 
phyllon  that  a  parenchymatic  tissue  rapidly  develops,  a  tissue 
which  in  most  respects  agrees  with  true  collenchyma ;  it  is  com- 
posed of  short,  somewhat  thick-walled  cells  without  chlorophyll 
and  no  mestome-bundles  are  located  in  this  tissue.  The  rapid 
growth  of  this  particular  and  very  local  tissue  naturally  pro- 
duces a  swelling  of  the  leaf-base,  and  the  result  is,  that  the 
resj)ective  ray  becomes  pushed  away  from  the  central  and  ter- 
minal rhachis  of  the  main  inflorescence.  (R*  in  fig.  1.)  Other- 
wise the  structure  of  the  prophyllon  shows  no  deviations  from 
that  of  an  ordinary  leaf-sheath. 

Although  the  base  of  the  ray,  which  is  surrounded  by  the 

f)rophyllon,  remains  slender,  it  nevertheless  possesses  some 
avers  of  similar,  collenchymatic  tissue,  the  presence  of 
wliieli  greatly  facilitates  the  movement  from  the  vertical  to 
the  horizontal  position,  forced  by  the  increased  growth  of  the 
prophyllon.     The  small  fore-leaves  at  the  base  of  the  spikes 

*  This  Journal,  vol.  iii,  p.  429,  1897. 
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(P*  and  P')  show  the  same  structure  ae  the  larger  ones,  but 
they  are  more  open  and  only  tubular  at  their  very  base. 

This  structure  of  the  clad  o-prophy  lion  observed  in  Cypei'us 
is,  also,  to  be  found  in  that  of  other  genera,  where  the  function 
is  identical,  but  not  in  Dulwhiuni  or  in  certain  Carices  where 
these  fore-leaves  are  enclosed  by  the  sheaths  of  the  subtending 
bracts,  and  where  the  direction  of  the  rhachis  or  peduncle 
remains  unchanged. 

It  is  now  interesting  to  notice  that  the  involucral  leaves  and 
the  clado-prophylla,  characteristic  of  Cyperns^  etc.,  may  be 
traced  in  the  inflorescence  of  certain  Graminem. — Several  years 
ago,  when  we  observed  this  pcLiiliar  structure  and  function  of 
the  prophyllon  in  Cyperus^  we  naturally  felt  induced  to  look 
for  this  same  organ  in  the  inflorescence  of  other  families, 
wherein  the  branches  are  able  to  perform  the  same  move- 
ment from  vertical  to  horizontal  in  accordance  with  the  devel- 
opment of  the  flowers.  Our  attention  became  especially 
directed  to  the  Graminece^  and  to  such  genera  in  which  the 
inflorescence,  the  panicle,  is  ample  and  rich-flowered.  We  had 
already  studied  the  vegetative  propagation  of  this  order,  the 
GrawinecB^  as  represented  in  this  country,  and  we  had  observed 
several  analogies  to  exist  between  these  and  the  CyperacecB^ 
for  instance,  the  invariable  presence  of  a  fore-leaf  at  the  base 
of  each  lateral,  vegetative  branch.  AVe  had,  also,  learned  that 
these  fore-leaves  are  ''always"  open  in  the  Gvaminem^  but 
closed,  more  or  less  tubular  in  the  Cyperf(cea\  a  point  which 
explains  their  identity  with  leaf-sheaths.  Among  the  GraraineoB 
these  fore-leaves  (clado-pro])hv]la)  are  very  large  and  quite 
numerous  in  such  genera  of  wliich  the  shoots  are  ramifled,  and 
they  are  readily  visible,  for  instance  in  Colx^  Kleufiitu\,  Panicuiri^ 
Munroa^  and  many  others.  But  if  we  wish  now  to  demon- 
strate their  presence  in  the  inflorescence  also,  we  are  obliged  to 
admit  that  we  have,  so  far,  not  succeeded  in  flnding  them 
developed  as  "free''  leaves  in  any  of  tlie  numerous  species 
which  we  have  examined  for  this  special  purpose.  The  large 
and  open  panicle  of  several  species  very  often  exhibits  the  pres- 
ence of  rudimentary  bracts  subtending  the  lateral  branches, 
but  these  branches  themselves  <lo  not  possess  an  independent 
leaf  at  their  base,  whicli  might  correspond  with  the  tubular 
prophyllon  (P')  of  Cyperus\  all  that  is  to  be  seen  is  a  small 
cushion-like  body,  which  is  located  at  the  base  of  the  secondary 
branches,  and  on  that  side  of  the  branch  which  turns  awav  from 
the  mother-axis.  It  is,  nevertheless,  the  peculiar  structure  of  this 
little  body  which  enables  the  lateral  branches  to  spread  out  at 
a  certain  stage  of  the  flowering  period,  and  considering  the  fact 
that  its  position  answers  exactly  that  of  a  prophyllon,  besides 
that  the  bract,  which  subtends  the  branch,  is,  also,  present  as 
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a  mere  rudiment,  we  have  felt  inclined  to  consider  these  organs: 
the  cushion-like  body  in  the  Gvaminece  and  the  tubular  pro- 
phyllon  (P')  in  Cyperus^  as  pi'obably.l>eing  identical  formations. 

That  the  bracts,  corresponding  with  the  involucral  leaves 
(B')  in  Cypervs^  may  be  observed  in  the  Gramiuese,  has  been 
mentioned  by  some  European  agrostologists,  and  they  are 
quite  often  developed  to  such  extent  that  their  sheath  and 
blade  may  be  distinguislied.  In  a  number  of  species  of  I^esttica, 
Bromys^  Sch^dofioruSj  etc.,  these  little  bracts  are  very  distinct, 
at  least  at  the  lower  secondary  branches  of  tlie  panicle,  but  they 
are  seldom  free,  i.  e.,  the  sheath  and  the  fipex  is  mostly  adnate 
to  the  subtended  branch.  However  in  Pani^uni  prolifernm 
we  have  observed  one  instance  where  the  lowermost  bract  was 
provided  with  a  free  blade  about  20™™  in  length.  The  structure 
of  this  little  bract  varies  within  the  respective  genera,  and  may 
prove  useful  to  the  distinction  of  species,  as  shown  by  Lange 
in  Schedononts.  But  in  regard  to  the  supposed  clado-prophyllon 
in  the  panicle  of  Graminem^  we  have  not  succeeded  in  detect- 
ing any  case  where  this  was  developed  as  an  open  or  free  leaf, 
as  are  the  prophylla  of  the  vegetative  branches  in  this  same 
family.  However  we  have  noticed  some  points  in  their  structure 
which  tend  to  support  our  opinion  about  their  real  morplio- 
logical  identity,  that  they  represent  leaves :  "  fore-leaves/' 

These  organs  are  quite  large  in  Zizania  aquatica^  and  we 
have  seen  one  case,  where  one  of  these  cushions  was  extended 
into  two  free  tips,  simulating  the  bidentate  apex  of  a  pro- 
phyllon.  It  is,  furthermore,  to  be  pointed  out  that  in  numerous 
species,  and  of  the  most  diverse  genera,  the  extenial  structure 
of  these  bodies  is  like  that  of  the  leaf-sheaths:  when  the 
stem-leaves,  and  particularly  the  sheaths,  are  hairy,  the  same 
kind  of  hairy  covering  seems  constantly  to  be  observed  in  these 
cushion-like  organs,  and  when  the  sheaths  are  glabrous  these 
organs  are,  also,  glabrous.  Another  point  which  we  think 
deserves  notice  is,  that  these  same  organs  never  surround  the 
branches,  but  are  always,  as  stated  above,  located  on  the  upi)er 
face  only  of  the  respective  branch.  Their  internal  structure 
suggests  that  which  is  characteristic  of  the  fore-leaves  in  Cyperm^ 
since  we  observed  a  large  mass  of  collenchymatic  tissue,  which 
was  not  in  direct  continuation  with  the  tissues  of  the  rhachis 
itself,  but  was  distinctly  separated  from  the  peripheral  circle  of 
mestome-bundles  and  their  continuous  layers  of  stereomatic 
tissue.  A  series  of  consecutive  sections  taken  from  a  secondary 
branch  revealed  the  fact,  that  the  cushion-like  body,  even 
if  it  be  adnate  to  the  rhachis,  does  not  in  any  place  consti- 
tute a  regularly  developed  tissue  as  a  j)ortion  of  the  rhachis, 
])ut  that  it  represents  something  sup])lemental  and  of  which 
the  presence  does  not  influence  the  structure  or  arrangement 
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of  the  tiBSues  of  the  rhachis  proper.  When  we  compare 
the  structure  of  this  or^au  anc}  of  the  rhachis  with  tliat  of  a 
rudimentary  bract  and  the  base  of  the  panicle  to  which  it  is 
adnate  and  with  which  it  forms  one  solid  body,  we  then  per- 
ceive exactly  the  same  conditions  in  respect  to  the  tissues  of  the 
bract  being  well  separable  from  those  of  the  culm,  even  if  they 
ere  united  into  one  bodv,  but  of  two  distinct  structures.  In 
other  words,  the  internal  structure  of  the  cusliion-like  body 
resembles  that  of  a  clado-prophyllon  in  Cyperus  with  its  large 
collenchymatic  tissue  to  such  an  extent,  that  as  far  as  concerns 
the  structure  alone  the  organs  appear  to  be  identical. 

Furthermore  when  we  remember  that  the  fore-leaves  of 
Graminece  are  open,  the  j)osition  of  this  little  body  in  the  in- 
florescence may  be  well  comparable  with  one  of  these,  since  it 
only  covers  one,  the  upper,  face  of  the  respective  branch. 
Finally,  as  we  have  already  stated,  the  function  is,  also,  the  same. 
We,  therefore,  believe  that  the  small  bodies,  always  observable 
at  the  base  of  the  secondary  branches  of  inflorescences  in 
Graminece^  most  distinct  in  large  panicles,  that  these  represent 
rudimentary  prophylla,  identical  with  those  described  above  as 
characteristic  of  Cyperacew. 

It  would  be  highly  desirable  if  American  agrostologists 
would  reexamine  these  organs  in  our  Graminece^  for  it  may  be 
that  some  genera  or  species  exist  in  wliich  they  are  developed 
somewhat  further  and  more  distinctly  as  foliar  organs.  But  in 
regard  to  our  own  investigations,  we  can  only  say  that  as  far  as 
concerns  "position,  function  and  structure"  these  organs  may 
be  regarded  as  rudinientary  leaves  or  "fore-leaves"  in  this 
particular  case. 

Brookland,  D.  C,  July.  1904. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Atomic  Weight  of  Beryllium. — A  series  of  very  careful 
determinations  of  this  atomic  weight  has  been  made  by  C.  L. 
Parsons  of  New  Hampshire  College.  Two  organic  compounds 
of  beryllium,  the  acetylacetonate,  Be^C,II,0,),,  and  the  basic 
acetate,  Be^O(C,H,0^)„  were  used  in  this  work,  both  of  which 
are  easily  purified,  smce  they  can  be  readily  crystallized  from 
various  solvents,  and  since  they  possess  the  additional  remarkable 
property  of  subliming  unchanged.  The  compounds,  after  being 
weighed,  were  treated  with  nitric  acid  in  platinum  crucibles,  and 
after  evaporation  the  residues  were  ignited  and  the  resulting 
beryllium  oxide  was  weighed.  Seven  determinations  by  means 
of  the  acetylacetonate  gave  an  average  result  of  9'113  for  the 
atomic  weight  (where  O  =  16,  H  =  1-008,  C  =  12-01),  while  nine 
determinations  with  the  basic  acetate  gave  exactly  the  same 
average.  The  maximum  and  minimum  results  were  9*142  and 
9081.  The  results  agree  very  closely  with  the  atomic  weight  9-1 
adopted  in  the  "International"  table. — Jour.  Amer.  Cheni,  Soc., 
xxvi,  721.  H.  L.  w. 

2.  Connection  between  the  Yolatlliti/  of  Compounds  and  the 
jForces  at  Play  within  the  Molecule. — The  view  has  been  brought 
forward  by  Geoffrey  Martin  that  chemicall}"  unstable  com- 
pounds are,  as  a  clasp,  characterized  by  their  volatility  and 
fusibility  ;  chemically  stable  compounds  by  their  involatility  and 
infusibility.  For  example,  SiCl^,  HC1„  AlCl,,  SnCl^,  etc.,  are  all 
volatile  and  also  easy  to  decompose,  while  the  corresponding 
oxides  are  far  less  volatile  and  less  easily  decomposed.  It  is 
pointed  out,  further,  that  high  valency  compounds  are  usually 
more  volatile  than  the  corresponding  compounds  of  lower  valency; 
for  instance,  SbCI^  is  more  volatile  than  SbCl,.  This  behavior  is 
regarded  as  due  to  the  greater  intensity  of  chemical  forces  in  the 
lower  valency  compounds,  as  compared  with  the  others.  It 
seems,  therefore,  that  it  is  the  internal  chemical  forces  which  the 
atoms  exert  on  each  other  in  the  molecule  which  decide  the 
external  attractive  force  with  which  the  molecules  themselves  are 
attracted  together,  and,  therefore,  the  volatility  of  the  compound. 
The  author  believes  that  the  chemical  forces  within  the  molecule 
determine  also  the  solubility,  fusibility,  hardness,  etc.,  of  com- 
pounds, and  that  if  these  forces  were  known  it  might  be  possible 
to  calculate  mathematically  the  physical  properties  of  cnemical 
compounds. —  Chem.  A^ews,  Ixxxix,  -241.  H.  l.  w. 

'^.  Method  /or  the  Determination  of  Chloric  Acid, — This 
determination  is  usually  carried  out  by  reducing  the  chlorate  to 
chloride  and  determining  the  latter  by  Volhard's  volumetric 
method.  The  reducing  agents  heretofore  used  have  been  various 
ones,  such  as  zinc  in  some  form,  ferrous  sulphate,  etc.     Hbndrix- 
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SON  has  foand  that  metallic  iron  in  the  form  of  ''  card-teeth  "  in 
the  presence  of  10  per  cent  sulphuric  acid  effects  this  reduction 
rapidly  at  ordinary  temperatures.  At  first  ferric  salts  are  formed 
and  give  the  solution  a  yellow  color,  but  these  salts  are  soon 
reduced  and  the  solution  becomes  colorless  of  slightly  green. 
The  reduction  requires  about  one  hour  at  room  temperature. 
The  process  is  applicable  to  bromates,  while  perchlorates  are  not 
reduced  by  the  operation  and  hence  do  not  interfere  with  it. 
Test-analyses  are  given  which  show  excellent  results,  and  it 
appears  that  the  method  is  a  very  simple  and  convenient  one. — 
Amer.  Cheyn.  Jour,,  xxxii,  24'J.  h.  l.  w. 

4.  T/ie  Investigation  of  Double  Salts  by  the  Determination  of 
Solubility. — As  a  continuation  of  work  by  the  method  devised  by 
Professor  Foote  of  the  Sheffield  Scientific  School,  Foote  and 
Bristol  have  found  that  barium  and  mercuric  chlorides,  below 
17-2*',  form  the  double  salt  BaCl/  3HgCl,-  6H,0.  Above  this 
temperature  no  double  salt  can  be  crystallized,  although  there  is 
evidence  that  combination  takes  place  in  solution,  because  the 
solubility  of  each  salt  is  largely  increased  by  the  presence  of  the 
other.  The  double  salt  thus  found  is  a  new  one.  A  compound, 
BaCl,*  2HgCl,-  2H,0,  described  by  Bonsdorf  about  seventy-five 
years  ago,  does  not  exist,  at  least  at  10'4°. 

Foote  has  found  also  that  the  remarkable  double  nitrate, 
2KNO,'  Ba(NO,)„  described  a  year  or  two  ago  by  Wallbridge, 
is  a  true  double  salt,  capable  of  forming  under  a  rather  wide 
ranee  of  conditions.  He  has  shown  also  that  no  double  salt  is 
produced  by  potassium  and  barium  chlorides  at  25°,  although  the 
combination  of  chlorides  is  far  more  usual  that  that  of  nitrates. 
— Amer,  Chem,  Jour.,  xxxii,  246;  251.  u.  l.  w. 

5.  Nitrous  Anhydride. — It  has  been  known  for  a  long  time  that 
mixtures  of  the  gases  NO  and  NO,  condense  to  a  blue  liquid,  and 
it  has  been  shown  by  Lunge  and  Porsclinew  that  at  -20°  the  com- 
position of  the  blue  liquid  formed  by  saturating  liquid  N^O^  with 
gaseous  NO  corresponds  very  closely  to  the  compound  N^O,,  or 
nitrous  anhydride.  This  blue  compound,  consequently,  has  been 
regarded  as  nitrous  anhydride,  but  up  to  the  present  time  it  has 
not  been  shown  that  the  compound  exists  in  the  solid  state,  nor 
that  it  is  the  only  compound  of  the  two  gases.  Wittobff  has 
recently  made  fusing-j)oint  determination  with  known  mixtures 
of  N,0^  and  NO,  and  has  found  that  N^O,  exists  in  the  form  of 
blue  crystals  which  melt  at  -103°,  and  that  no  other  compound 
was  formed  at  the  temperatures  used  in  the  experiments. — Zeitschr, 
anorg.  Chem,  xli,  85.  h.  l.  w. 

6.  A  Probable  Cause  of  the  Yearly  Variation  of  Magnetic 
Storms  and  AurorcB  ;*  by  Sir  Normax  Lockyer  and  William 
J.  S.  Lockyer. — The  ordinary  meteorological  elements,  such  as 
atmospheric  pressure,  temperature,  etc.,  have  a  yearly  change 

*  From  the  Proceedings  of  the  Royal  Society  of  London,  Ixxiv,  90. 

▲h.  Jour.  Sol — Fourth  Series,  Vol.  XVIII,  No.  106.— Octobbr,  1904, 
21 
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satisfactorily  explained  as  due  to  changes  of  the  position  of  the 
earth's  axis  in  relation  to  the  sun,  or,  in  other  words,  the  variation 
of  the  sun's  declination.  There  are,  however,  other  phenomena, 
such  as  magnetic  disturbances  and  aurorse,  which  have  been 
explained  differently. 

Thus,  in  regard  to  this  seasonal  variation  Mr.  Ellis*  has  written, 
'*Thc  related  physical  circumstance  is  that  at  the  equinoxes,  when 
disturbance  is  more  frequent,  the  whole  surface  of  the  earth 
comes  under  the  influence  of  the  sun,  whilst  at  the  solstices,  when 
magnetic  disturbance  is  less  frequent,  a  portion  ol  the  surface 
remains  for  a  considerable  period  in  shadow." 

The  object  of  the  present  communication  is  to  put  forward 
another  possible  cause. 

It  has  been  previously  pointed  oulf  that  a  very  close  relation- 
ship exists  between  the  epochs  of  occurrence  of  prominences  m 
the  polar  regions  of  the  sun  and  EIHk's  "great"  magnetic  dis- 
turbances. This  synchronism  showed  that  either  the  polar  prom- 
inences themselves,  or  the  disturbances  thus  indicated  in  these 
polar  regions,  were  the  origin  of  these  "  great "  magnetic  storms, 
or  that  they  were  caused  by  a  more  general  stirring-up  of  a 
greater  extent  in  latitude  of  the  solar  atmosphere. 

A  further  investigation  J  indicated,  however,  that  in  all  proba- 
bility it  was  either  the  actual  polar  prominences  themselves,  or 
the  activity  in  the  solar  polar  regions,  that  initiated  these  mag- 
netic disturbances,  for  it  was  there  pointed  out  that  the  presence 
of  polar  prominence  activity-tracks  synchronized  with  the  appear- 
ances of  large  "  polar "  coronal  streamers.  Here  we  have  an 
indication  of  a  local  cause  and  effect. 

It  will  be  gathered  then,  that,  even  as  regards  terrestrial  mag- 
netic phenomena,  considerable  importance  must  be  attached  to 
action  taking  place  in  the  regions  about  the  solar  poles. 

Since  the  axis  on  which  the  sun  rotates  is  inclined  to  the  plane 
of  the  ecliptic,  there  will  be  times  throughout  the  course  of  a 
year  when  the  solar  polar  regions  will  be  exposed  most  and  least 
to  the  earth. 

It  should  be  expected,  then,  that  if  the  polar  regions  of  the 
sun  have  any  action,  as  above  suggested,  the  effects  of  the 
action  on  the  earth  should  vary  according  to  the  positions  of  the 
solar  poles  relative  to  the  earth. 

The  actual  inclination  of  the  sun's  axis  being  82°  46',  and  the 
longitude  of  the  ascending  node  being  74°  25',  or  the  tilt  of  the 
axis  being  in  the  direction  of  about  19  hours  in  right  ascension, 
it  follows  that,  in  each  year,  the  south  pole  of  the  sun  is  most 
turned  towards  the  earth  in  the  beginning  of  March  (about  the 
6tb),  and  the  north  pole  most  towards  the  earth  in  the  beginning 
of  September  (about  the  5th).     At  the  two  intermediate  epochs, 

*  Monthly  Notices,  vol.  Ixi,  p.  540. 

+  Proc.  Koy.  Soc,  vol.  Ixxi,  p.  244;  also  Monthly  Notices,  R.A.S.,  vol. 
Ixiii,  Appondix  I,  p.  0. 

X  Monthly  Notices,  R.A.S.,  vol.  Ixiii,  p.  481. 
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in  June  (about  5th)  and  December  (about  6tli),  neither  pole  is 
turned  towards  or  away  from  the  earth,  but  occupies  an  inter- 
mediate position.  Hence  we  see  that  the  equinoxes  occur  in  the 
same  months  as  those  in  which  one  or  other  of  the  solar  poles  is 
turned  towards  the  earth,  while  the  neutral  positions  of  the 
solar  poles  in  relation  to  the  earth  occur  in  the  same  months  as 
the  solstices. 

The  accompanying  diagram  [here  omitted]  shows  graphically  the 
relation  between  the  two  curves  representing  the  variation  of  the 
sun's  declination  and  the  f^hange  of  the  latitude  of  the  sun's 
center  or  the  variation  of  the  amount  of  the  tilt  of  the  solar 
poles,  in  relation  to  the  earth  throughout  a  year. 

It  will  be  seen  that  the  curve  representing  the  tilt  of  the  solar 
axis  is  nearly  (a  little  less  than)  a  quarter  of  a  phase  in  advance 
of  that  indicating  the  declination  change,  so  that  the  maximum 
or  minimum  point  of  the  latter  curve  is  only  slightly  in  advance 
of  the  mean  points  respectively  of  the  former  curve. 

If,  therefore,  these  solar  polar  regions  are  capable  of  disturb- 
ing the  magnetic  and  electric  conditions  on  the  earth,  as  has 
been  above  suggested,  then,  when  they  are  most  directed  to  her 
at  the  equinoxes,  the  greatest  effects  during  a  year  should  be 
recorded,  and  when  they  are  least  directed  the  effects  should  be 
at  a  minimum. 

It  will  not  be  necessary  here  to  refer  at  any  great  length  to 
statistics  relating  to  the  annual  inequality  of  magnetic  disturb- 
ances and  aurorae,  for  these  have  been  very  efficiently  worked 
out  and  the  results  published  by  Mr.  William  Ellis.* 

Mr.  Ellis  has  shown  that  the  curves  of  frequency  of  magnetic 
disturbances  at  Greenwich  and  Paris  are  very  similar,  "showing 
maxima  at  or  near  the  equinoxes,  and  minima  at  or  near  the 
solstices."  These  also,  he  further  points  out,  are  similar,  with 
regard  to  the  epochs  of  maxima,  to  the  curve  representing  the 
frequency  of  the  aurora  at  London.  In  the  case  of  aurorae 
observed  in  Edinburgh,  Northeast  Scotland  and  in  different 
regions  in  Scandinavia,  the  months  in  which  the  greatest  fre- 
quency is  recorded  are  September  and  October  (perhaps  more 
generally  October)  and  March  and  April  (perhaps  more  gener- 
ally March).  Mr.  Ellis  is  inclined  to  the  opinion  that  there 
is  a  small  tendency  for  the  autumn  maximum  to  become  a  little 
later  (from  September  to  October)  and  the  spring  maximum 
somewhat  earlier  (from  April  to  March)  as  higher  latitudes  are 
approached. 

Further,  he  points  out  that  in  more  northern  latitudes  the 
mid-winter  minimum  of  lower  latitudes  appears  to  diminish  and 
eventually  disappears,  so  that  the  curve  of  frequency  of  the 
aurora  between  October  and  March  is  practically  flat  with  a 
small  intermediate  maximum  about  January.  This  change  in 
form  of  the  frequency  curve  in  regions  in  close  proximity  to  the 

♦  Monthly  Notices,  R.A.S.,  vol.  Ix,  p.  142 ;  vol.  Ixi,  p.  537;  vol.  Ixiv,  p. 
220. 
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magnetic  pole,  and  where  the  conditions  of  day  and  night  are  so 
different,  is  of  great  interest,  but  requires  careful  consideration 
before  it  can  be  regarded  as  representing  real  auroral  changes. 

The  accompanying  curves  [here  omitted]  illustrate  the  relation 
throughout  a  year  between  the  positions  of  the  earth's  poles  with 
reference  to  the  sun  ;  the  positions  of  the  sun's  poles  as  regards 
the  earth ;  the  frequency  of  magnetic  storms  at  Greenwich  and 
Paris ;  and  lastly,  the  frequency  of  the  aurora  as  observed  at 
Edinburgh  and  at  stations  in  Scandinavia  below  latitude  65°  N. 
The  first  two  curves  are  those  that  have  already  been  mentioned, 
but  plotted  differently.  They  have  here  been  so  arranged  that 
the  maxima  points  represent  the  epochs  when  each  of  the  poles 
is  most  inclined  to  the  sun  or  earth  as  the  case  may  be.  Both 
the  magnetic  and  auroral  curves  represent  four  of  the  set  of 
curves  which  Mr.  Ellis*  has  recently  published. 

It  need  scarcely  be  pointed  out  that  the  low  minima  of  the 
auroral  curves  during  the  summer  months  are  due  in  great  part 
to  the  shortnesss  of  the  nights,  and  therefore  to  the  restriction 
of  the  time  available  for  aurora  observations. 

The  coincidence  in  time  between  the  epochs  of  the  maxima  of 
the  frequency  of  magnetic  disturbances  and  aurorse,  and  those 
of  the  greatest  inclination  towards  the  earth  of  the  north  and 
south  solar  polar  regions  is  clearly  indicated. 

It  is  interesting  to  inquire  in  what  way  this  yearly  inequality 
of  terrestrial  magnetic  phenomena  is  influenced  when  the  sun^s 
polar  regions  are,  for  different  groups  of  years,  in  an  undisturbed 
and  disturbed  condition. 

It  would  be  expected  that  the  oscillation  of  more  disturbed 
solar  polar  regions  towards  and  away  from  the  earth  would  tend 
to  iiicrease  the  difference  between  the  frequency  of  magnetic  dis- 
turbance at  the  equinoxes  and  solstices,  while  this  difference  for 
those  years  when  the  less  disturbed  solar  polar  regions  are  in 
action  should  be  somewhat  reduced.  That  this  is  actually  the 
case  is  brought  out  by  the  figures  which  Mr.  Ellis  has  given  in 
the  publication  of  which  mention  has  already  been  made. 

Since  the  greatest  magnetic  storms  are  closely  associated  in 
point  of  time  with  prominence  disturbances  in  the  polar  regions 
of  the  sun,  to  make  the  necessary  comparison,  therefore,  the  years 
in  which  "great"  magnetic  storms  occurred  should  be  grouped 
together  and  the  yearly  inequality  determined,  and  another  group 
of  years  in  which  "  great "  magnetic  storms  were  less  frequent 
formed  and  the  yearly  inequality  also  determined.  Fortunately 
a  computation  already  made  can  be  utilized  for  this  comparii^on, 
for  Mr.  Ellis  has  determined  the  number  of  days  of  greater  fre- 
quency (near  sunspot  maximum),  and  lesser  frequency  (near  sun- 
spot  minimum),  of  magnetic  disturbance,  both  groups  practically 
including  the  conditions  required.  Thus  he  has  formed  groups 
of  the  years  1848-51,  1858-61,  1809-72,  1882-85,  1892-95,  which 
include,  at  any   rate  for  the  last  three  groups,  the  years  where 

*  Monthly  Notices,  R.A.S.,  vol.  Ixiv,  p.  229. 
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prominences  were  in  high  latitudes,  and  another  series  of  groups 
of  years,  1854-57,  1866-68,  1876-79,  1887-90,  which  are  years 
when  prominences  were  less  frequent  in  these  regions.* 

The  interesting  conclusion  to  which  Mr.  Ellis  arrived  was  that 
"  the  excess  of  the  equinoctial  frequency  over  the  solstitial  fre- 
quency is  greater,  the  greater  the  degree  of  disturbance." 

This  result  thus  helps  to  endorse  the  suggestion  made  in  a 
previous  paragraph  that  the  greater  the  disturbed  solar  polar 
regions,  the  greater  the  difference  between  the  magnetic  fre- 
quency at  the  equinoxes  and  solstices. 

Conclusions. — The  conclusions  arrived  at  in  the  above  paper 
may  be  briefly  stated  as  follows  : 

1.  The  seasonal  variation  in  the  frequency  of  magnetic  storms 
and  aurorae  depends  on  the  position  of  the  sun's  axis  in  relation 
to  the  earth. 

2.  The  epochs  of  the  greatest  inclinations  of  the  sun's  axis 
towards  or  away  from  the  earth,  or  in  other  words  the  greatest 
exposure  of  the  N.  or  S.  solar  polar  regions  to  the  earth  during 
a  year,  correspond  to  those  of  greatest  magnetic  and  auroral 
frequency. 

3.  The  epochs  (groups  of  years),  when  the  solar  polar  regions 
are  most  disturbed,  synchronize  with  those  when  the  excess  of 
the  equinoctial  over  the  solstitial  frequency  of  magnetic  storms 
is  greatest. 

7.  Physikalische  Technik,  oder  Anleitung  zu  Experimental- 
vortrdgen  sowie  zur  Selbstherstellimg  elnfacher  Deniofistrations- 
apparate.  Seventh  Edition.  By  Dr.  Otto  Lehmann.  Pp. 
XX  +  630.  Braunschweig  (Friedrich  Vieweg  und  Sohn). — This 
is  the  first  part  of  volume  one  of  Dr.  Josepli  Flick's  well  known 
work.  In  this  edition  the  book  has  been  entirelv  rewritten  and 
very  much  enlarged.  In  its  present  form  it  is  an  exhaustive  com- 
pendium treating  of  the  objects,  methods  and  materials  of  the 
experimental  lecture  as  a  branch  of  instruction  in  Physics.  This 
part  of  the  work  is  concerned  with  the  arrangement  of  the  lecture 
and  preparation  rooms  and  the  workshop.  All  the  details  of  the 
installations  for  the  electric,  gas,  water,  steam,  air  pressure  and 
vacuum  services  and  all  the  non -portable  j)arts  of  the  lecture- 
room  outfit  are  gone  into  with  the  greatest  thoroughness.  The 
portion  on  the  shop  will  be  of  value  to  the  worker  in  the  labora- 
tory as  well  as  to  the  lecturer.  This  part  occupies  nearly  half 
the  book  and  contains  numerous  methods,   recipes,  etc.,  of  use 

*  The  fact  that  continuous  observation  of  solar  prominences  was  only  com- 
menced in  1870  accounts  for  our  lack  of  knowledge  of  the  frequency  of  this 
class  of  phenomena  before  that  date.  Since,  however,  during  the  last  tljree 
snnspot  cycles  it  has  been  observed  that  polar  prominences  are  most  fre- 
qaent  just  a  little  after  a  snnspot  minimum  and  np  to  and  at  the  epoch  of 
the  following  sunspot  maximum,  it  may  be  concluded  that  their  appearance 
previons  to  tne  year  1870  occurred  at  the  same  time  in  relation  to  the  sun- 
spot  cycle.  Ellis's  groups  of  years  previous  to  that  date,  namely,  1848-51 
and  1858-61,  may  on  these  grounds  be  classed  as  years  in  which  polar  prom- 
inences were  present,  whilst  the  groups  1854-57  and  1865-68  may  be  taken 
as  epochs  when  polar  prominences  were  not  so  frequent. 
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to  the  instrument  builder,  as  well  as  instruction  in  the  arts  of 
forging,  soldering,  glass-blowing  and  cutting,  lacquering,  etc. 
In  addition  there  are  many  useful  hints  on  the  working  and 
handling  of  materials  such  as  quartz,  amber  and  porcelain.  The 
camera  and  dark-room  as  adjuncts  of  the  lecture,  especially  the 
making  of  slides  and  the  art  of  photo-micrography,  are  exten- 
sively treated.  In  fact,  one  can  hardly  think  of  anything  in  the 
organization  and  equipment  for  this  side  of  physical  instruction, 
from  the  clerical  work  of  the  office  to  the  chemical  room,  that  is 
not  treated.     Altogether  this  is  a  most  valuable  book.     l.  p.  w. 

II.    Geology. 

1.  Hecent  Studies  of  the  Moon^a  Features  (Communicated  by 
J.  Barrell). — Within  the  past  year  have  appeared  two  notable  con- 
tributions to  the  literature  of  the  moon's  surface.  One  is  by  Pro- 
fessor N.  S.  Shaler,*  the  other  by  Professor  W.  H.  Pickeringf  and 
they  represent  divergent  views.  Professor  Shaler  remarks  in  the 
Preliminary  Note:  "  The  ends  sought  have  been  those  alone  which 
had  distinct  reference  to  geology.  .  .  In  fact  almost  all  the  ques- 
tions brought  up  by  studies  on  the  satellite  are  more  or  less 
entangled  with  those  relating  to  the  evolution  of  the  planet,  so 
that  except  for  the  detailed  account  of  the  features  of  either 
body  they  must  needs  be  considered  together.  These  features 
may  be  compared  by  types,  and  in  the  main  the  following  essay 
consists  of  such  comparisons.'' 

The  craters  are  so  different  in  size  from  those  of  the  earth, 
many  being  over  a  hundred  miles  in  diameter,  and  so  numerous, 
overlapping  and  irregularly  distributed  that  the  causes  leading 
to  their  formation  must  be  very  different  from  those  of  volcanoes 
upon  the  earth,  and  for  these  forms  Shaler  proposes  the  name  of 
vulcanoids.  The  maria,  or  great  plains,  evidently  belong  to  a 
category  distinct  from  the  vulcanoids,  being  characterized  by  their 
larger  size,  smoother  and  darker  floors,  and  it  is  suggested  that 
they  may  be  caused  by  the  infalling  of  large  meteors.  It  would 
seem,  however,  that  the  attempt  to  provide  a  meteoric  origin  for 
the  maria,  but  not  for  the  craters,  would  lead  into  grave  difficul- 
ties. While  the  evident  fluidity  of  the  lavas  which  formed 
them  distinguishes  them  sharply  from  the  steep,  rough  walls  of 
the  vulcanoids,  yet  in  degree  of  fluidity  and  in  area  covered  they 
have  not  so  far  exceeded  the  great  lava  flows  of  the  w^estern 
United  States  and  the  Deccan  of  India.     The  mountainous  reliefs 

*A  Comparison  of  the  Features  of  the  E^rth  and  the  Mood,  by  N.  S. 
Shaler,  Professor  at  Hansard  University.  Smithsonian  Contribntionfi  to 
Knowledge,  vol.  xxxiv,  79  pp.,  24  plates. 

f  **  The  Moon,  a  Summary  of  the  Existing  Knowledge  of  oar  Satellite^ 
with  a  complete  Photographic  Atlas,"  by  William  H.  Pickering  of  Harvard 
College  Observatory.  l(K3pp.,  100  plates.  New  York,  Doubleday,  Page  &  Co. 
The  text  is  a  semi-popular  treatment  of  matter  already  published  in  vols. 
xxxii.  i)art  I,  1895,  part  II,  1900  and  vol.  li,  1908  Annals  of  the  Astronomi- 
cal Observatory  .of  Harvard  College. 
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are  classed  under  a  number  of  heads,  certain  wrinkles  upon  the 
surfaces  of  the  maria  appearing  to  correspond  to  the  usual  earth 
type  of  mountains  due  to  cruslal  shortening;  the  other  types 
appearing  to  have  had  an  igneous  origin  and  to  be  formed  of 
viscous  lavas  which  have  solidified  with  very  steep  slopes. 
Clearly  marked  faults  are  rare  upon  the  moon,  though  cracks,  as 
indicated  by  the  so-called  "rills,"  are  abundant. 

The  almost  complete  absence  of  evidence  of  shrinkage  and  con- 
sequent tangential  or  mountain-making  thrust  is  one  of  the 
greatest  fundamental  distinctions  between  the  history  of  the 
earth  and  its  satellite  and  for  a  better  understanding  of  which 
we  may  have  to  await  a  fuller  knowledge  of  the  causes  of  terres- 
trial contraction. 

The  ray  systems,  whitish  streaks  which  radiate  from  certain  of 
the  prominent  craters  to  distances  of  several  hundred  miles, 
crossing  plains  and  vulcanoids  alike,  are  among  the  most  enig- 
matical features  of  the  moon's  surface,  becoming  strongly  visible 
only  about  two  days  after  sunrise  and  disappearing  at  a  some- 
what lesser  interval  before  sunset.  The  author  concludes  that 
they  are  probably  fumarolic  deposits  within  and  upon  the  crust 
from  extremely  deep-seated  fissures  and  that  they  are  of  ancient 
origin,  a  view  which  precludes  their  consisting  of  ice,  since  in 
that  case  a  gradual  evaporation  and  dispersal  of  the  water  vapor 
would  take  place  at  even  the  lowest  temperatures.  They  are 
regarded  as  most  probably  due  to  some  crystalline  and  fluorescent 
material  which  does  not  reflect  the  sunlight  until  a  considerable 
elevation  has  been  attained. 

Considering  that  these  ray  systems  are  of  considerable  geologi- 
cal antiquity,  the  author  raises  the  question  as  to  why  in  a  sphere 
free  from  erosion  they  have  not  become  veiled  by  meteoric  dust.  ^ 
Of  a  number  of  suggestions  presented  to  explain  this  feature  the  * 
most  reasonable  are  that  either  the  amount  and  importance  of 
meteoric  dust  received  by  the  earth  and  moon  have  been  greatly 
overestimated,  or  else  that  we  have  misjudged  the  age  of  the 
moon's  surface  and  the  ray  systems  are  not  of  great  antiquity. 

As  to  the  permanence  of  the  lunar  relief,  it  is  evident  from  an 
examination  of  the  plates  "that  there  is  some  agent  which  has 
operated  to  break  down  the  more  ancient  topographical  features. 
There  is  an  evident  difference  of  aspect  between  the  walls  of  the 
older  vulcanoids  and  those  of  newer  formation."  In  fact  all 
stages  of  obliteration  may  be  traced  to  large  nameless  vulcanoids 
whose  ruins  only  a  careful  examination  will  reveal.  As  water 
has  evidently  never  acted,  the  most  probable  cause  is  assigned  to 
be  alternate  expansions  and  contractions  of  the  superficial  crust 
during  the  lunar  day  and  night.  Whatever  the  agent  of  decay 
may  be,  the  numberless  superpositions  of  vulcanoids  and  the 
extremely  ruined  character  of  the  most  ancient  is  indicative  of  a 
long  and  complex  volcanic  history.  Professor  Shaler  as  the 
result  of  his  studies  disbelieves  in  any  atmosphere  or  present 
volcanic  activities  even  of  solfataric  stages,  but  in  view  of  the 
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recent  studies  to  be  mentioned  later  these  views  may  be  too 
extreme.  In  regard  to  the  question  of  vegetable  life  npon  the 
moon  it  is  very  properly  stated  that  other  possible  explanations 
should  be  sought  to  account  for  the  darkening  of  certain  areas  at 
lunar  midday  in  preference  to  believing  them  due  to  vegetable 
growth.  Against  the  existence  of  even  vegetable  life  upon  the 
moon  it  is  urged  that  no  terrestrial  life  exists  npon  mountain 
slopes  20,000  feet  or  more  above  the  sea  under  atmospheric  and 
thermometric  conditions  which  must  be  vastly  more  favorable 
than  those  to  be  found  upon  the  moon.  Furthermore,  whatever 
were  the  circumstances,  as  yet  unknown,  which  led  to  the  beginning 
of  life  upon  this  earth,  they  were  evidently  of  rare  occurrence. 
"The  fate  of  our  satellite  was  ])robably  in  large  part  determined 
by  the  ratio  between  its  gravitative  force  and  the  energy  of  the 
kmetic  movement  of  the  gases  such  as  constitute  the  atmosphere. 
If  that  energy  had  been  sufficient  to  retain  them  on  the  satellite, 
there  is  no  reason,  at  least  so  long  as  the  original  rotation  on  its 
axis  continued,  why  it  should  not  have  had  the  history  of  a  min- 
iature earth." 

The  plates  are  from  photographs  in  the  possession  of  the 
Smithsonian  Institution  and  have  been  taken  at  the  Lick,  Parin, 
and  Yerkes  Observatories.  They  are  all  extremely  fine  repro- 
ductions on  several  different  scales  selected  with  reference  to  the 
questions  discussed  in  the  text  and  may  be  considered  as  a  sepa- 
rate contribution  by  the  Smithsonian  Institution  to  Selenography. 

•*  The  Moon,"  by  Professor  Pickering,  although  written  in  a 
popular  manner.)  is  issued  as  a  scientific  book  mtended  for  an 
intelligent  class  of  readers  who  are  not  astronomers,  and  it  must 
be  criticized  on  that  basis. 

The  first  three  chapters  present  the  commonly  accepted  views 
as  to  the  origin  of  the  moon,  the  data  in  regard  to  its  distance, 
rotation,  etc.,  and  views  arrived  at  within  a  few  years  by  the 
writer  and  others  regarding  the  density  and  temperature  of  a 
lunar  atmosphere. 

In  another  chapter  under  the  subject  of  artificial  craters,  the 
author  cites  the  blow  holes  formed  on  the  surface  of  pots  of 
solidifying  slag,  and  also  gives  the  results  of  experiments  upon 
paraffin,  especially  where  a  pumping  motion  was  given  to  the 
still  molten  portions  beneath  the  solidifying  crust  to  simulate 
subcrustal  tidal  waves.  By  this  means  he  was  able  to  obtain  the 
apj)earance  of  lunar  craters.  It  may  be  remarked,  however,  that 
even  if  the  craters  were  all  made  during  that  distant  time  when 
the  moon  still  retained  an  axial  revolution  faster  than  its  orbital 
revolution  about  the  earth,  a  conclusion  which  Pickering  himself 
apparently  does  not  accept,  it  would  be  impossible  for  a  solid 
crust  to  maintain  such  rigidity  that  the  lava  communicating  with 
a  molten  interior  could  rise  and  fall  to  an  appreciable  extent 
through  tidal  action.  On  the  contrary,  as  in  the  case  of  the 
earth,  the  whole  spheroid  would  yield.  This  weakness  is  pointed 
out  by  Professor  Shaler.     The  hypothesis  is  furthermore  based 
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pon  the  old  idea,  of  an  outer  crust  and  a  fluid  interior,  though 
t  has  never  yet  been  proved  that  at  any  time  in  the  cooling  of  a 
planet  would  such  conditions  exist. 

As  it  would  appear  impossible,  therefore,  to  account  for  the 
anar  craters  by  a  hypothesis  of  tidal  action  upon  a  fluid  interior, 
t  must  be  confessed  that  their  fundamental  differences  point  to 
kTi  origin  unlike  any  volcanic  features  of  the  earth,  and  we  are 
till  far  from  an  understanding  of  them. 

Under  the  subject  of  active  lunar  craters  and  river  beds,  the 
mtkor  describes  changes  which  have  been  observed  in  certain 
anar  craters,  which  have  led  him  to  the  belief  that  volcanic 
activity  has  not  ceased  upon  the  moon,  and  that  water  vapor 
rhich  immediately  turns  mto  clouds  of  hoar  frost  is  given  off 
rom  certain  craters.  In  the  following  chapter  it  is  maintained 
hat  the  greater  brightness  of  many  crater  rims  and  likewise  the 
)right  streaks  radiating  from  a  number  of  the  principal  craters 
consist  of  snow. 

In  the  earlier  chapter  upon  the  lunar  atmosphere,  water,  and  tem- 
)erature,  the  author  gives  good  observational  grounds  for  believ 
D^  that  an  atmosphere  exists  at  the  moon's  surface,  comparable  in 
lensity  to  that  of  the  earth  at  a  height  of  from  40  to  45  miles 
tbove  the  surface.  In  addition,  a  haze  appears  to  rise  to  a 
leight  of  from  three  to  four  miles  upon  the  sunlit  side  of  the 
noon,  but  is  absent  from  the  unilluminated  portion. 

Accepting  the  facts  of  observation,  the  extremely  questionable 
jide  is  in  the  interpretations  given  them.  It  has  been  shown  by 
Stoney  that  water  vapor  would  escape  with  great  rapidity  from 
ihe  moon  and  carbon  dioxide  somewhat  more  slowly.  It  would 
}eem  extremely  improbable,  therefore,  that  these  two  gases  should 
It  the  present  time  be  undergoing  elimination  from  the  body  of 
ihe  moon,  at  such  a  rate  as  to  constitute  even  such  a  rare  atmos- 
phere as  is  found  or  permanent  snow  fields.  Such  a  hypothesis, 
p^hile  explaining  with  apparent  satisfaction  the  observed  enlarge- 
nent  of  the  white  spots  of  Linne  toward  lunar  sunset  and  during 
I  lunar  eclipse,  as  due  to  a  sublimation  of  hoar  frost,  is  peculiarly 
lifficnlt  of  application  to  the  system  of  rays,  and  both  the  atmos- 
phere and  rays  may  consist  of  some  other  substances.  Until 
some  means  is  found  of  proving  their  nature,  some  of  the  sugges- 
tions offered  by  Professor  Shaler  would  appear  more  reasonable. 

Finally  in  the  chapter  upon  "  Y€getatio7i:  the  Lunar  CanalSf*^ 
*he  writer  gives  his  reasons  for  believing  that  a  luxuriant  vegeta- 
tion exists  upon  the  moon.  The  evidence  for  this  extreme  view 
IS  based  entirely  upon  the  darkening  of  certain  areas,  and  their 
ncrease  of  size  during  the  lunar  morning,  and  their  disappear- 
ince  shortly  before  the  time  of  sunset. 

Since  conditions  so  unfavorable  to  life  exist  upon  the  moon, 
ibe  hypothesis  of  vegetation  should  apparently  be  the  last  to  be 
K>ught  as  an  explanation  for  these  mystifying  phenomena.  An 
>atline  of  Professor  Shaler's  criticisms  has  already  been  given, 
uid  it  may  be  said  in  addition  that  for  any  form  of  lunar  life  to 
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exist  not  only  would  it  have  to  originate  and  evolve  into  some- 
thing higher  than  primordial  forms  under  atmospheric  conditions 
incompatible  with  life  as  we  know  it,  but  that  the  conditions  of 
temperature  would  likewise  appear  to  preclude  sach  a  view. 
While  our  knowledge  of  lunar  temperatures  has  been  in  times 
past  very  imperfect,  it  may  be  well  to  quote  Professor  VeryV 
more  recent  and  carefully  ascertained  results.  ''  In  conclusion,  it 
seems  to  me  reasonably  certain  that  a  large  part  of  the  Moon 
experiences  daily  great  vicissitudes  of  temperature.  Its  rocky 
surface  at  midday,  in  latitudes  where  the  sun  is  high  is  probably 
hotter  than  boiling  water;  and  only  the  most  terrible  of  Earth's 
deserts,  where  the  burning  sands  blister  the  skin,  and  men,  beasts, 
and  birds  drop  dead,  can  approach  a  noontide  on  the  cloudless 
surface  of  our  satellite.  Only  the  extreme  polar  latitudes  of  the 
moon  can  have  an  endurable  temperature  by  day  to  say  nothing 
of  the  night,  when  we  should  have  to  become  troglodytes  to  pre- 
serve ourselves  from  such  intense  cold." 

Although  as  Professor  Very  remarks,  the  noontide  tempera- 
ture may  be  lower  and  the  life  conditions  in  that  regard  possibly 
more  favorable  than  if  the  moon  possessed  an  atmosphere  com- 
parable to  our  own  in  density,  scientists  in  general  and  biologists 
m  particular  will  be  loath  to  accept  a  belief  in  life  of  any  sort 
upon  the  moon  until  at  least  all  other  and  inorganic  hypotheses 
have  been  exhausted. 

It  is  regretable  that  when  a  scientific  volume  is  put  forth  for  a 
public  who  are  not  specialists,  that  such  doubtful  interpretations 
should  be  stated  as  though  they  were  well  established  and  well 
accepted  scientific  truths. 

The  plates  show  in  a  systematic  manner  all  visible  portions  of 
the  moon's  surface  under  five  different  degrees  of  illumination, 
on  a  scale  of  5'=  l""",  giving  a  lunar  diameter  varying  from  14  to 
16  inches.  As  pointed  out  on  p.  97,  this  is  the  only  complete 
photographic  atlas  of  the  moon  in  existence,  and  not  only  so  bat 
it  covers  the  whole  visible  surface  of  the  moon  five  times.  As 
the  scale  is  rather  small,  however,  the  plates  are  chiefly  useful 
in  studying  general  features  of  the  moon. 

2.  Cretaceous  Deposits  of  the  Pacific  Coast ;  by  Frank  M. 
Anderson.  Vol  II,  No.  1,  3d  Series,  California  Academy  of 
Sciences,  146  pp.,  12  pis. — The  Cretaceous  deposits  of  the  Pacific 
Coast  of  North  America  lie  within  a  narrow  continental  border 
mainly  to  the  west  of  the  Great  Basin  and  the  northern  Cordillera. 
Southward  the  only  deposits  of  the  Pacific  province  known  are 
isolated  ones  in  Mexico  and  Chili.  In  the  description  of  these 
beds  there  are  given  for  the  first  time  in  a  connected  account  the 
essential  faunal  and  physiographic  facts.  The  divisions  recog- 
nized in  the  Sacramento  Basin  are  : 

(1)  The  Knoxville  horizon,  several  thousand  feet  in  thickness 
and  extending  to  the  upper  limit  of  known  species  of  Axic^as^ 

*  The  Probable  Range  of  Temperature  on  tlie  Moon,  The  Astropbjdcal 
Journal,  vol.  viii,  Dec,  '98,  p.  2^6. 
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3  fauna  being  essentially  boreal.  (2)  The  Horsetown  horizon, 
ginning  with  the  close  of  the  Knoxville  and  continuing  to  the 
rizon  representing  the  great  Chico  overlap,  the  fauna  being 
pically  subtropical.  (3)  The  Chico  or  uppermost  member  as 
presented  by  the  Phoenix  beds,  and  by  those  of  Wallala  and 
ler  points  in  Lower  California.  The  Chico  is  divisible  into  two 
rizons  in  the  Sacramento  Basin,  and  perhaps  elsewhere,  the  later 
lico  fauna  being  characterized  by  a  large  development  of  gas- 
*opod8  and  lamellibranchs. 

The  general  order  of  regional  movement,  more  particularly  in 
3  Great  Valley,  has  been  downward  from  the  first,  but  not  con- 
mously  so.  The  different  members  of  the  Cretaceous  series  of 
Jifornia  find  their  counterparts  all  along  the  American  border 

ihfe  Pacific,  and  are  to  be  closely  correlated  with  the  recog- 
5ed  members  of  the  interior  basins  of  both  hemispheres,  as  shown 

a  parallelism  of  crustal  movement  and  development  much  more 
neral  than  commonly  supposed,  and  by  extensive  faunal  resem- 
iDces,  amounting  often  to  close  specific  aflinity  or  even  specific 
entity.  The  faunae  of  the  Pacific  coast  Cretaceous  are  mostly 
irine,  and  of  littoral  rather  than  deep-sea  origin.  g.  r.  \v. 

3.  Geology  of  German  Southwest  Africa,  —  At  a  meeting  of 
e  Geological  Society  of  South  Africa,  held  at  Johannesburg, 
ily  11th,  1904,  Mr.  F.  W.  Voit  presented  a  paper  on  the  geol- 
y  of  the  region  east  of  Walfish  Bay  and  between  the  Quisep 
d  Swakob  Kivers. 

The  country  is  in  large  part  desert,  covered  with  quicksands 
d  sand  dunes.  The  greater  part  of  the  country  exhibits  the 
me  geological  features  as  the  oldest  members  of  the  geological 
miation  in  South  Africa.  The  base  of  the  district  consists  of 
bistose  rocks,  exhibiting  large  variety  ranging  from  fine  schists 

coarsely  banded  gneisses.  These  motamorphic  rocks  are 
sribed  to  the  Archean  Period.  The  amphibolite  layers  in  the 
leisses  are  believed  to  be  extrusives  of  a  diabase  type.  There 
B  also  intrusive  masses  of  granite.  A  few  outcrops  of  sand- 
)ne  occur  and  are  classed  as  Lower  Devonian.     The  appearance 

copper  ore  in  this  district  has  been  investiyjated  by  Mr.  Voit, 
d  it  seems  probable  that  extensive  deposits  of  medium  grade 
B  will  be  found.     It  is  of  interest  to  note  that  volborthite  (which 

elsewhere  a  rare  mineral)  is  of  very  frequent  occurrence  in 
is  district.  The  rocks  collected  have  been  studied  microscopi- 
lly  by  Professor  Beck,  of  Freiburg. 

4.  Liassic  and  Oolitic  l^loras  of  EnghnuL — Being  Part  II  of 
e  Jurassic  Flora  represented  in  the  British  Museum  ;  by  A.  C. 
IWARD.  183  pp.,  13  pis. — This  number  of  the  British  Museum 
talogue  forms  the  comj)letion  of  a  treatise  on  fossil  flora*  of 
e  Trias,  Rhaetic,  Lias,  and  Oolite  of  England.  Although  the 
sails  included  in  Part  II  are  for  the  greater  part  fragmentary, 
e  high  degree  of  care  bestowed  on  this  as  on  all  the  parts  gives 
e  descriptions  importance  in  themselves  aside  from  the  fact  that 
By  belong  to  a  series  that  is  indispensable  to  every  student  of 
»sil  plants  and  plant  distribution. 
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AmoDg  special  features  of  Part  II  there  perhaps  only  Deeds  to  be 
here  mentioned  the  fact  that  two  small  leaves  with  a  decidedly 
dicotyledonous  appearance  are  fifi^ured  (Plate  XI,  figures  5  and 
0)  from  the  rocks  of  the  Great  Oolite  of  Stonesfield,  as  belonging 
to  the  "convenient  gaxms^^  Pht/Uites,  This  Seward  would  have 
restricted  for  the  designation  of  Dicotyledonous  leaves  that  can- 
not with  certainty  be  referred  to  a  particular  family. — In  com- 
menting on  the  extremely  scanty  occurrence  of  Jurassic  dicotyls 
Seward  says,  and  the  reviewer  has  similarly  expressed  himself,— 
"  There  is,  in  short,  no  d  priori  improbability  that  Dicotyledons 
existed  ages  before  they  attained  to  a  position  of  importance,  and 
it  is  highly  probable  that  this  was  the  case."  The  fundamentally 
important  statement  is  also  made  that,  *'  We  cannot  deduce  any 
evidence  from  such  data  as  we  possess  in  favor  of  the  existence 
of  well-defined  botanical  provinces  during  the  Rhaetic,  Jurassic, 
or  VVealden  periods."  o.  b.  w. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  British  Association. — The  annual  meeting  of  the  British 
Association  for  the  Advancement  of  Science  was  held  at  Cam- 
bridge during  the  week  from  the  17th  to  the  24th  of  August. 
The  inaugural  address  upon  the  subject*  "  Reflections  suggested 
by  the  new  Theory  of  Matter  "  was  delivered  by  the  President, 
the  Right  Hon.  A.  J.  Balfour.  The  attendance  at  the  meeting 
was  2,789,  which  has  only  been  exceeded  on  five  occasions.  The 
meeting  of  next  year  is  to  be  held  at  Cape  Town,  South  Africa, 
and  Dr.  George  ll.  Darwin  has  been  elected  President. 

2.  Tke  Metric  FaUacy ;  by  Frederick  A.  Halsbt.  Tht 
Metric  Failure  in  the  Textile  Industry ;  bv  Samuel  S.  Dale. 
Pp.  231.  New  York,  1904  (D.  Van  Nostrand  Co.).— This  is  a 
somewhat  caustic  arraignment  of  the  metric  system  based  upon  a 
paper  presented  to  the  American  Society  of  Mechanical  Engineers 
in  December,  1902.  The  authors  claim  that  the  actual  introdac- 
tion  of  the  system,  in  countries  where  it  is  sanctioned  by  law,  is 
less  complete  than  has.  been  supposed,  from  the  standpoint  of  its 
practical  application  in  the  arts,  and  give  reasons  why  they  believe 
its  introduction  in  this  country  to  be  undesirable. 

Scientific  workers  believe  strongly  in  the  simplicity  and  value 
of  the  metric  units,  but  it  is  fair  that  the  subject  should  also  be 
discussed  from  the  standpoint  of  its  practical  application  to  the 
useful  arts. 

Obituary. 

Dr.  JosBPH  D.  Everett,  for  upwards  of  thirty  years  Profes- 
sor of  Natural  Philosophy  at  Queen's  College,  Belfast,  died  on 
August  9  at  the  age  of  seventy-three  years.  His  excellent  trans- 
lation of  Doschanel's  Natural  Philosophy  has  been  long  known 
and  highly  valued  by  students  of  physics.  His  book  on  the 
C.  G.  tS.  system  of  units,  published  when  the  selection  of  practi- 
cal units  in  electricity  was  under  discussion,  was  an  important 
contribution  which  has  had  a  wide  influence.  He  was  also  the 
author  of  numerous  papers,  largely  on  theoretical  subjects. 

*»See  Nature  for  Au^uftt  \ft,  aVfto  U\fe  ^a.\i\%  iwuvvber  and  those  immediately 
following  for  the  addrertttea  by  t\\e  PtewicV.ewX;'*  oi  ^^t^xotA. 
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Art.  XXXVI.  —  The  Ordovician-Silurian  Contact  in  the 
Ripley  Island  Area  of  Southern  Indiana^  vyith  notes  on  ths 
age  of  the  Cinci7inati  geanticline ;  l)y  Aug.  F.  Foerste. 
(With  Plate  XVII.) 

Cincinnati  Geanticline, 

The  axis  of  the  Cincinnati  geanticline,  a  low  fold,  extends 
from  the  northern  part  of  Alabama  through  central  Tennessee 
and  Kentucky  into  southwestern  Ohio  and  the  adjacent  part  of 
Indiana.  Northward  it  branches,  one  axis  reaching  the  western 
end  of  Lake  Erie,*  the  other  extending  northwestward  across 
the  northern  half  of  Indianaf  into  northern  Illinois.  In  Ten- 
nessee the  rocks  dip  southea!>tward  as  far  as  Walden  Ridge  and 
Cumberland  Mountain,  a  distance  varying  from  75  to  100 
miles;  on  the  western  side  of  the  axis  the  dip  is  westward  or 
northwestward  at  least  as  far  as  the  Tennessee  river,  a  distance 
of  100  miles ;  farther  west,  the  Tertiary  de])osits  conceal  the 
Paleozoic  rocks  involved  in  the  fold.  In  the  southern  half  of 
Kentucky  the  rocks  dip  westward  fur  a  distance  of  at  least  100 
miles.  From  the  northern  half  of  Kentucky  the  dip  is  west- 
ward across  the  state  of  Indiana  as  far  as  the  eastern  part  of 
Illinois,  a  distance  approximately  of  200  miles.  Northward, 
the  rocks  dip  westward  from  the  western  branch  of  the  axis 
across  Indiana  and  the  eastern  third  of  Illinois.  Eastward,  the 
rocks  dip  from  the  eastern  branch  of  the  axis  across  the  state 
of  Ohio  as  far  as  western  Pennsylvania  and  the  western  part 
of  West  Virginia,  the  maximum  distance  being  at  least  180 
miles. 

Over  the  greater  part  of  the  area  the  dips  are  too  low  to  be 
detected  from  any  single  point  of  view.  As  a  rule,  however,  a 
comparison  of  levels  of  corresponding  strata  from  exposures 

*  Ohio.  Geol.  Surv.,  vi,  1888,  map  opposite  p.  48. 
flndiana  Geol.  Surv.,  18th  Kept.,  1894,  p.  221. 

Am.  Jour.  Soi.^ Fourth  Series,  Vol.  XYIII,  No.  lOT.—NoYHM^^iL^  \^<^^ 
22 


322  Foer%U — Ordovician'Silurtan  CorUcu^t  in  the 

several  miles  apart  grives  uninistakeable  evidence  of  dip. 
Locally  the  dips  may  be  conspicuous  thou|2:h  rarely  exceeding 
80  degrees;  however,  tlie  local  nature  of  these  dips  is  detected 
easily,  and  usually  is  connected  with  folds  and  domes  of  rather 
small  extent.  These  local  folds  and  domes  arc  much  more 
numerous  in  the  southern  half  of  Kentucky  and  in  Tennessee 
than  in  the  northern  half  of  the  area  affected  by  the  geanti- 
cline, although  tilted  rocks  are  not  uncommon  along  the  western 
branch  of  the  axis  in  northern  Indiana. 

The  rocks  involved  in  the  folding  include  all  of  the  Paleozoic 
formations.  Ordovician  strata  are  exposed  along  the  greater 
part  of  the  axis  between  northern  Alabama  and  a  point  26 
miles  north  of  Davton,  Ohio,  a  total  distance  of  400  miles.  In 
the  southern  half  of  Kentucky  there  is  a  sag  along  the  axis  in 
consequence  of  which  the  crest  of  the  geanticline  is  formed  bv 
Mississippian  (sub-Carboniferous)  strata.  North  and  south  of 
this  sag  of  the  axis,  along  the  crest  of  the  geanticline,  are  two 
areas  of  considerable  extent  in  which  the  Ordovician  exposures 
are  practically  continuous.  Of  these  the  southern  area,*  75  miles 
long  and  nearly  50  miles  broad,  includes  all  of  central  Tennessee. 
The  northern  area,f  150  miles  long  and  85  miles  broad,  includes 
the  northern  part  of  Kentucky  and  the  adjacent  parts  of  Ohio 
and  Indiana,  oetween  the  towns  of  Lebanon,  Kichmond,  and 
Maysville,  Kentucky,  Dayton,  Ohio,  Richmond,  and  Madison, 
Indiana.  That  part  of  the  Cincinnati  geanticline  including  the 
southern  Ordovician  area  is  occasionally  referred  to  as  the 
Nashville  dome,  while  the  part  including  the  northern  Ordovi- 
cian area  is  sometimes  called  the  Iventucky  uplift  or  Cincinnati 
dome.  Farther  northward  in  OhioJ  and  Indiana§  the  crest 
of  the  eastern  and  western  branches  of  the  Cincinnati  geanti- 
cline is  formed  by  Silurian  strata. 

Silurian  Strata  of  Geanticline. 

No  trace  of  the  Lower  or  Oswegan  division  of  the  Silurian, 
including  the  Oneida  and  Medina,  is  exposed  anywhere  in  the 
area  affected  by  the  Cincinnati  geanticline.  Middle  Silurian 
or  Niagaran  exposures,  however,  ranging  from  the  Clinton  to 
the  Guelph,  are  abundant.  Cayugan  or  Upper  Silurian 
exposures,  including  rocks  formerly  known  as  Waterlime,|j  are 
known  to  occur  in  several  areas  but  have  not  been  studied.    In 

♦Cireolofjj'  of  Tennessee,  by  James  M.  Safford,  1869,  map- 

f  The  Richmond  group  along  the  western  side  of  the  Cincmnati  anticline 
in  Indiana  and  Kentucky,  Am.  Geol.,  1903,  pi.  20 ;  Silurian  outcrops  indicated 
by  dotted  line. 

t  Ohio  Geol,  Surv.,  vii,  \H\Y.\,  m»p. 

j^  Indiana  Geol.  Surv.,  19th  Kept.,  1894,  map;  much  more  accarate  map 
now  in  i>rcs8. 

I  Silurian  and  Devonian  limestones  of  western  Tennessee,  Jonm.  Geol.,  xi, 
1908,  pp.  701,702. 
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Ohio,  Cayugan  formations  extend  from  the  western  Put  in  Bay 
islands  in  the  western  part  of  Lake  Erie  into  Lewis  county  in 
northern  Kentucky,  crossing  the  Ohio  river  at  Vanceburg,  Ky. 
In  Indiana,  Cayugan  strata  are  known  only  from  Kokomo, 
although  tlieir  occurrence  in  northeastern  Indiana  has  been  con- 
siderefl  probable. 

In  Indiana,  the  Niagaran  has  been  divided  into  the  following 
subdivisions,  named  in  descending  order :  Louisville,  lime- 
stone; Waldron,  clay;  Laurel,  limestone;  Osgood,  clay  and 
limestone;  Clinton,  limestone. 

Pre-MesO'lJevonic  origin  of  the   Cincintiati  Geanticline, 

Along  the  western  flank  of  the  geanticline,  in  Kentucky  and 
Tennessee,  the  edges  of  these  subdivisions  of  the  Niagaran, 
where  not  covered  l)v  overlying^  subdivisions  of  the  same  Nia- 
garan  series,  thin  out  eastward  toward  the  Ordovician  axis,* 
and  are  overlaid  unconformably  by  Aliddle  Devonian  limestones 
or  by  Devonian  black  shale.  Along  tlie  eastern  flank  of  the 
geanticline,  in  Kentucky,  the  uncovered  edges  of  Silurian  for- 
mations equivalent  to  the  Clinton  and  ()sg<K)d  beds  thin  out  in 
a  similar  manner  westward  toward  the  same  Ordovician  axis 
and  are  also  overlaid  uncomformably  by  Middle  Devonian 
limestones  or  bv  Devonian  black  shale.  No  Silurian  rocks 
are  exposed  along  the  eastern  margin  of  the  Ordovician  area  in 
Tennessee.  However,  their  presence  in  the  Sequatchie  valley 
indicates  that  Silurian  strata  exist  also  along  the  eastern  flank 
of  the  geanticline  in  Tennessee,  but  are  concealed  by  the  cover 
formed  by  later  strata.  The  character  of  the  unconformity 
between  the  Niagaran  and  Devonian  formations  places  the  origin 
of  the  Cincinnati  geanticline  in  times  preceding  the  Middle 
Devonian. 

Pre-Niagaran  origin  of  Geanticline, 

Inconclusive  nat^ire  of  certain  ar<jainents  advanced, — In 
western  Tennessee,  Professor  Safford  and  others  thought  they 
could  trace  the  upper  Niagaran  formations  up  the  western  flank 
of  the  geanticline,  farther  eastward  than  the  lower  Niagaran  for- 
mations, the  former  overlapping  the  latter.  From  this  they 
concluded  that  the  origin  of  the  ('incinnati  geanticline  took 
place  in  times  preceding  the  de])osition  of  the  Niagaran. 
3fore  recent  investigations  have  not  conflrmed  this  overlapping 
of  the  upper  Niagaran  formations,  so  that  this  argument 
becomes  ineffective.  Other  writers  have  regarded  the  thinning 
of  the  Silurian  formations  from  the  flanks  toward  the  crest 
of  the  geanticline  as  sutfleient  evidence  of  pre-Niagaran  origin. 

*  Silarian  and  Devonian  limestones  of  Tennessee  and  Kentucky,  BuU.  Geol. 
Soc.  Am.,  xii,  pp.  398,  422.  The  Cincinnati  anticline  in  southern  Kentucky, 
Am.  Geol.  1902,  pi.  26;  Am.  Geol.,  1903,  pi.  20. 
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This  argument  also  has  lost  force  since  it  has  been  discovered 
that  along  the  western  flank  of  the  geanticline  the  conspicnous 
thinning  of  Niagaran  formations  toward  the  east  is  confined  to 
the  edges*  of  the  Niagaran  formations,  where  in  snccession 
they  project  from  beneath  the  immediately  overlying  Niagaran 
beds  on  approacliing  the  crest  of  the  geanticline;  and  where 
the  thinning  of  the  strata  might  have  been  caused  by  erosion 
subsequent  to  their  de|>osition.  The  same  strata  fail  to  show 
any  conspicuous  tliinning  eastward  where  the  immediately 
following  subdivision  of  the  Niagaran  is  present.  Under  these 
conditions  it  is  not  possible,  without  further  evidence,  to  exclude 
the  alternative  proposition,  that  the  Niagaran,  at  least  tbe 
Clinton  and  the  equivalents  of  the  Osgood  clay,  originally  may 
have  extended  across  the  region  of  the  present  Cincinnati  gean- 
ticline, gradually  thinning  out  westward;  that  during  late  Silu- 
rian or  early  Devonian  times  a  geanticlinal  uplift  occurred,  accom- 
panied by  removal  of  Silurian  strata  along  the  crest  of  this  uplift 
and  resulting  in  a  conspicuous  thiiming  of  the  edges  of  the  vari- 
ous Niagaran  strata  toward  the  crest  of  the  geanticline  where- 
ever  exposed  by  the  removal  of  overlying  Niagaran  formations. 
This  alternative  proposition  would  demand  the  operation  of 
geological  processes  resulting  in  baselevelling,  the  Devonian  for- 
mations being  deposited  upon  the  baselevelled  edges  of  the 
Niagaran.  It  should  be  remembered  however  that,  at  present, 
evidence  favoring  baselevelling  of  Niagaran  strata  is  confined 
to  the  conspicuous  thinning  of  Uie  edges  of  Niagaran  formations 
toward  the  crest  of  the  geanticline  where  not  protected  by  the 
next  overlying  Niagaran  formations,  and  the  absence  of  a 
similar  conspicuous  thinning  in  the  same  direction  where  the 
next  overlying  Niagaran  formation  is  present.  It  seems 
scarcely  possible  that  baselevelling  could  have  taken  place  over 
areas  as  large  as  those  exposed  along  the  crest  of  the  Cincinnati 
geanticline  without  leaving  other  evidence  than  that  offered 
by  the  thinning  of  strata  as  just  described. 

During  the  earlier  operations  of  the  Geological  Survey  of 
Ohio  under  Professor  Orton,  thin  layers  of  conglomerate  were 
discovered  in  the  Clinton  at  Belfastf  in  Highland  county,  57 
miles  east  of  Cincinnati,  Ohio.  The  fossils  in  the  pebbfes  of 
this  conglomerate  were  believed  to  have  been  of  Ordovician 
age,  but  subsequent  investigations  proved  their  Clinton  origin, 
and  that  older  strata  of  Clinton  age  had  been  broken  up  dunng 
the  formation  of  this  conglomerate.  The  presence  of  conglom- 
erate was  believed  to  be  conclusive  evidence  of  the  pre-Kiag- 
aran  origin  of  the  Cincinnati  geanticline.     It  is  scarcely  neces- 

*  Silurian  and  Devonian  limestones  of  Tennessee  and  Kentucky,  Bnll.  Geol. 
Soe.  Am.,  1901,  pp.  40y-414.  ti^.  ."). 

f  Oliio  Geol,  Kept.,  Surv.  forlbTO,  p.  270.  On  Clinton  conglomerates  and 
wave  markn  in  Ohio  and  Kentucky,  Journ.  Geology,  iii,  1893,  pp.  1-4,  22-26. 
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sary  to  point  out  the  inconclusiveness  of  this  evidence  founded 
on  observations  at  a  single  locality;  however  in  view  of  opinions 
as  to  the  age  of  the  Cincinnati  geanticline  then  generally  cur- 
rent, the  predication  of  the  pre-Niagaran  origin  of  the  geanti- 
cline on  the  basis  of  this  Belfast  exiiosure  of  conglomerate  is 
certainly  comprehensible.  Moreover,  it  is  not  impossible  that 
at  some  future  time,  in  combination  with  other  evidence  not 
yet  at  hand,  it  may  prove  to  have  an  important  bearing  upon 
the  subject. 

More  recent  observations  upon  the  Clinton  of  Indiana  have 
brought  to  light  facts  which  arc  of  interest  in  this  connection. 

Ordovician- Silurian  Contact  in  Ripiet/  Island  Area  of  South- 

t(f stern  Indiana. 

£ase  of  Silurian, — When  the  investigation  of  Silurian 
strata  in  Indiana  was  begun,  the  prc-Siliirian  origin  of  the  Cin- 
cinnati geanticline  was  accepted.  In  Ohio  the  Clinton  was 
known  to  become  thinner  westward.  Near  the  Ohio  river,  in 
Adams  and  Highland*  counties,  exposures  equalling  35  feet, 
in  some  instances  possibly  40  feet,  are  seen.  Xortli westward, 
in  Clinton  county,  the  Clinton  litis  a  thickness  of  at  least  25, 
possibly  30  feet.  Still  farther  northwest,  east  of  the  Miami 
river,  in  the  northeastern  part  of  Montgoniory  and  the  southeast- 
em  part  of  Miami  county,  the  thickness  varies  between  23  and 
28  feet.  Passing  from  the  northern  half  of  this  northwesterly 
running  line  of  outcrop  toward  the  southwest,  the  rate  of 
diminution  of  the  Clinton  is  much  more  rapid.  At  Sunder- 
land Falls  and  at  Ludlow  Falls  the  thickness  is  about  22  feet. 
At  Fauvers  quarry,  2  miles  north  of  Dayton,  west  of  the 
Stillwater  river,  and  at  Centreville,  0  miles  south  of  Dayton, 
the  thickness  is  17  feet.  At  the  Betty  Ileidy  exi)osure,  about 
a  mile  east  of  Oregonia,  the  thickness  is  at  least  14  feet,  and 

B)ssibly  equalled  10  feet.  At  the  Soldiers'  Home,  west  of 
ayton,  it  is  about  15  feet.  At  Lewisburg  and  Eaton,  the 
thickness  is  13  feet.  Ejist  and  southeast  of  Ilichmond  in 
Indiana  it  is  about  1 L  feet.  About  12  miles  southwest  of  Eaton, 
six  miles  east  of  the  state  line,  the  thickness  does  not  appear  to 
exceed  nine  feet. 

The  decrease  in  thickness  of  the  Clinton  toward  the  south- 
west continues  in  Indiana. t  (irlacial  deposits  cover  the  Clinton 
in  the  western  part  of  Wayne  county,  but  in  the  western  part 
of  Favette  and  Franklin  counties  the  thickness  of  the  Clinton 
usual  1}'  does  not  exceed  T),  but  occasionally  attains  8  feet,  and 
frequently  is  reduced  to  4-  feet  or  even  less.  Southward,  across 
the  center  of  Ripley  county,  the  thickness  of  the  Clinton  con- 

•  An  account  of  Middle  Silurian  rocks  of  Ohio  and  Indiana,  Journ.  Cincin- 
nati Soc.  Nat.  Hist.,  xviii,  189G.  ' 
t  Indiana  Geol.  Surv.,  2l8t  Kept.  p.  213  ;  and  22nd  Kept.  p.  195. 
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tiDUeti  to  dimimtili.  but  soutliwestwArd,  in  the  western  pnrt  of 
Sipley  nnd  tbo  a<l jiicetit  part^of  JetiutugsaDii  Decatur  counties, 
the  OJinton  is  entirely  absent.  These  facts  were  entirelj 
unexpected.  In  keeping  with  preconceived  views  of  tlie  early. 
pre-Silii  nan  origiu  or  the  Cincinnati  geanticline,  it  wasbelic^'ed 
that  after  eroiwine  the  a.\id  of  the  geanticline  the  tbickneee  lA 
the  Clinttm  would  increase  instead  of  decrease  wefitward, 
Inetcod,  a  fairly  regular  decrease  in  t)iicknes«  across  the  axi^  of 
the  geanticline  was  Jioted,  beginning  with  the  most  north- 
eastern exposures  in  Ohio,  and  continuing  to  the  most  south- 
western of  the  series  of  exposures  so  far  discusaed. 

The  area,  or  are^s,  from  which  tlie  Clinton  is  absent' is  here 
callod  the  Ripley  island  or  islands.  The  outlines  of  this  area 
are  known  only  along  the  eastern  border,  and  even  here  mnch 
remains  to  be  determined.  The  facts  ao  far  discovered  are 
indicated  on  the  accompanying  map  (Plate  XVll).  Kast  au<i 
eoutheest  of  the  Ripley  ialand  area  the  Clinton  contains  pebbles. 

These  pebbles  which  occur  in  the  Clinton  are  usually  confined 
to  the  lower  4  to  0  inchee  of  the  formation.  They  are  com- 
monly not  more  than  an  inch  in  length,  although  pebbles  2  sod 
even  3  inches  in  length  are  recordea  from  several  localities,  and 
at  one  locality  thiu  flat  pieces  of  rock,  6  to  8  inches  in  length, 
were  included.  Most  of  these  pebbles  consist  of  a  very  fine- 
grained white  limestone,  belonging  to  the  very  top  of  the 
Ordovician  of  this  part  of  Indiana.  The  most  common  fo«6il 
in  this  white  rock  is  Tetradimn  miutis,  but  this  rarely  appears 
in  the  pebbles.  Not  infrequently  the  white  limestone  occara 
directly  beneath  the  Clinton  ;  occasionally  in  such  situationti  it 
is  cracked  and  the  cracks  are  tilled  with  the  salmon-broini 
detrital  material  of  which  the  Clinton  is  formed  in  this  part  of 
Indiana;  the  contrast  in  color  is  striking.  OccasionaHj  the 
white  limestone  is  cracked  also  where  it  occurs  at  some  dislaoce 
beneath  the  Clinton  and  the  cracks  are  filled  with  clay.  Souie- 
times  worm-borings  penetrate  for  several  inches  into  the  top  of 
the  white  limestone,  and  the  cavities  are  filled  with  the  salmon- 
brown  Clinton  material.  The  pebbles  formed  from  this  limt^ 
atone  are  frequently  very  angular  iu  shape,  sometimes  haviuji 
the  appearance  of  derivation  from  some  brecciated  rock,  at 
otber  times  with  the  corners  conspicuously  rounded.  It  appears 
that  before  the  deposition  of  the  Clinton,  this  white  limestone 
was  11  i^oft  calcaiX'ous  mud  into  whit-li  worms  could  bore ;  owing 
t<i  shrinkage  it  onicked  into  rather  small  irregular  fragments;  this 
shrinkage  may  have  been  eansetl  by  drying  owing  to  exposure 
of  the  surface  to  the  sun;  tlio -surface  of  the  Clinton  less  area 
may  have  been  in  tiie  C"u<lition  of  flats  within  tlie  reach  of  high 
tides;  the  fi-iignients  produced  by  cracking  were  often  wasbci 
toward  regions  of  dejiositiou;  those  longest  exposed  to  the  air 
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and  most  hardened,  and  those  transported  the  shortest  distance, 
were  left  most  angular.  Occasionally  fragments  of  Ordorician 
limestone,  formed  by  the  detrital  remains  of  shells  and  bryo- 
zoans  comminuted  so  as  scarcely  to  be  recognizable,  have  been 
caught  up  by  the  Clinton.  In  these  cases  the  fragments  of 
limestone  consist  usually  of  thin  slabs.  It  appears  that  this 
limestone  of  detrital  origin  solidified  more  rapidly  than  the 
very  fine-grained  mud  forming  the  white  limestone,  probably 
because  the  detrital  limestone  permitted  a  freer  circulation  of 
water.  In  these  detrital  limestone  pebbles  Hafijieaquina 
alternata  and  other  Ordovician  fossils  are  found.  The  local- 
ities from  which  pebbles  in  the  Clinton  have  been  recorded 
are  indicated  on  the  map  by  the  letter  P ;  they  undoubtedly 
include  only  a  small  part  of  the  localities  at  which  pebbles 
occur. 

South  of  Laurel,  those  exposures  of  \\\e  Clinton  which  indi- 
cate a  detrital  origin  usually  have  a  salmon-brown  color.  The 
detrital  material  usually  is  fairly  coarse.  The  absence  of  the 
finer  material  which  must  have  resulted  from  the  attrition  is 
probable  due  to  currents  which  were  strong  enough  to  sweep 
along  the  finer  material  but  left  the  coarser  particles  behind  to 
form  the  Clinton  deposit.  .  Sometimes  this  fine-grained  material 
appears  to  have  been  allowed  to  deposit  for  a  short  time,  pro- 
ducing thin  layers,  but  as  a  rule  these  layers  were  swept  away 
again  later;  however  their  former  existence  is  suggested  by  the 
presence  in  the  salmon-brown  Clinton  of  thin  lenses  of  fine- 
grained whitish  limestone,  usually  widely  separated  but  some- 
times connected  by  very  attenuated  sheets  of  the  same  material. 
Some  of  the  localities  at  which  tliese  white  lenses  occur  in  the 
salmon-brown  Clinton  are  indicated  on  the  map  by  the  letter 
L.  The  lack  of  distinct  bedding  or  the  presence  oi  cross  bed- 
ding is  another  evidence  of  the  deposition  of  the  Clinton  under 
the  influence  of  rather  strong,  irregular  currents. 

Where  the  Clinton  is  absent  in  Indiana,  the  lowest  layers 
of  the  Osgood  rest  directly  upon  tlie  Madison  bed.  At  one 
locality  4  miles  west-southwest  from  Osgood,  a  single  pebble  of 
salmon-brown  Clinton  rock  with  blotclies  of  black  was  found 
enclosed  in  the  white  limestone  forming  the  base  of  the  Osgood 
beds,  2  inches  above  the  Ordovician.  The  pebble  was  3  inches 
long,  almost  3  inclies  wide,  and  half  an  inch  thick.  This  is 
the  only  pebble  found  at  any  point  in  the  Osgood  bed.  Imme- 
diately beneath  was  clay  with  Tetradium^  and  farther  down 
occurred  limestone  including  concretionary  masses  or  some 
species  of  Strephochetus. 

The  presence  of  areas  from  which  the  Clinton  is  absent, 
surrounded  by  areas  in  which  the  Clinton  contains  pebbles  of 
Ordovician  origin,  is  an  indication  of  course  of  unconformity 
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between  the  Silurian  and  Ordovieian  in  this  area.  In  seeking 
to  determine  the  measure  of  the  erosion  of  Ordovieian  rocks  in 
times  preceding  the  deposition  of  the  Silurian  in  the  Clinton- 
less  areas,  it  was  expected  that  the  Silurian  would  be  found  to 
rest  upon  Ordovieian  rocks  of  a  considerably  lower  horizon 
where  the  Osgood  rested  directly  on  the  Ordovieian,  than  at 
more  remote  points  where  the  Clinton  was  present  and  the 
pebbles  were  absent.  No  striking  difference  was  noted.  The 
detailed  observations  are  presented  on  the  following  pages. 

Top  of  Ordovieian, — In  Indiana,  Ohio,  and  Kentucky,  the 
Cincmnati  group  at  the  top  of  the  Ordovieian  is  divided  into 
the  Utica,  Lorraine  and  Kichmond,  named  in  ascending  order. 
The  Riclimond  is  further  subdivided  into  the  Waynesville, 
Liberty,  Whitewater,  and  Madison  beds,  also  named  in  ascend- 
ing order.  The  Madison  bed  has  also  been  called  the  Saluda 
bed,  since  the  name  Madison  was  enjployed  earlier  elsewhere. 
The  thickest  exposures  of  the  Madison  bed  are  found  on  the 
western  side  of  the  Cincinnati  geanticline,  along  the  Ohio  river 
and  thence  northward  to  Laurel,  Indiana. 

In  the  neighborhood  of  Madison,*  Indiana,  a  layer  of  mas- 
sive corals,  often  of  large  size,  has  been  adopted  as  marking  the 
base  of  the  Madison  bed.  These  corals  are  Cnlumnaria 
alveol^ta,  Colnmnm^ia  hcdli^  and  occasional  specimens  of  Colo- 
poecia  cinbnfonnis.  Tetradixn)i  minu^  occurs  6  feet  and, 
again,  7*5  feet  above  the  massive  coral  layer,  sometimes  also  2 
feet  below  the  same.  Associated  with  the  Tetradium,^  about 
6  feet  above  the  massive  coral  layer,  are  found  Cyrtdites 
ornatits^  Bellerophon  capax^  Lophospira  bowdeiii,  ITormotoma 
g?*acili8,  hcliyrodonta  misenen^  Pterinea  demiaaa^  and  a  small 
form  of  Platystropkia  with  a  short  hinge  line.  In  the  sandy 
layer  immediately  above  are  found  JRhyncliOtrenia  capax^ 
Strophomena  sulcata^  Strophoinena  vetusta,  Dinorthis  sttb- 
quadrata^  IlebeHella  siiiuata,,  StrepUlasma  ricsticum,  jStrep- 
tela&rri'a  divaricans^  Beatricea  undulatuin^  and  a  large  irr^u- 
lar  lobate  species  of  Ileterospongia.  As  a  rule  fossils  are  scarce 
at  this  horizon  elsewhere  in  southern  Indiana,  with  the  exception 
of  Tetradium^  wiiich  is  quite  constant,  and  often  very  abundaut, 
at  this  level. 

The  lower  part  of  the  Madisou  bed  at  Madison,  15  feet  thick, 
consists  chiefly  of  clayey  rock  weathering  readily.  The  greater 
part  of  the  remainder  of  the  Madison  bed,  forming  a  section  33 
feet  thick,  consists  of  a  massive  appearing  more  or  less  sandy 
limestone,  nearly  unfossiliferous,  often  forming  abrupt  vertical 
walls  over  which  plunge  the  small  streams  leading  to  the  Ohio. 
This  more  massive  rock  oftens  sliows  color-banding  and  is  the 

♦Indiana  Geol.  Surv..  2l8t  Rept.  1897,  pp.  248,  249;  the  lists  of  fossils  by 
Dr.  Coniett  and  Prof.  Cox  are  in  error. 
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banded  rock  of  earlier  surveys,  formerly  believed  to  correspond 
to  the  Medina  of  New  York. 

At  the  top  of  the  Madison  section  is  a  peculiar  bluish  lime- 
stone weathering  in  a  very  irregular  manner,  and  containing  a 
considerable  fauna  which  has  been  only  partially  studied. 
Among  other  fossils  may  be  mentioned  Curtocerina  iriadison- 
ense,  Orthocei'us  several  species,  Ischijrodonta  truncata^  Ischy- 
rodonta  cf.  miseneri^  Ctenodonta  slnivlatrlx,  lihytivxa  sp. 
near  oehana  in  size,  Byssonychia  several  species,  Lophospira 
hammelli^  Liospira,  llolopea  huhhardl^  lahechla  ohloensis^ 
and  various  species  of  ostracoda. 

On  tracing  the  Madison  bed  northward  from  Madison 
the  massive  coral  bed  at  the  base  does  not  prove  to  be  a  con- 
spicuous feature  for  any  great  distance,  nevertheless  in  an 
inconspicuous  form  it  proves  constant  to  its  proper  horizon  as 
far  north  as  Osgood  at  least.  Here  along  the  stream  following 
the  old  line  of  the  Baltimore  and  Ohio  Southwestern  railroad, 
about  two  miles  northeast  of  the  town,  specimens  of  Column  aria 
alveolata  are  rather  common  immediately  below  the  beds  con- 
taining Tetradbnn  'y  llehertella  innculpta,,  marking  the  base  of 
the  Liberty  bed,  occurs  just  below  the  junction  of  this  stream 
with  Laughery  creek,  with  the  normal  vertical  interval.  At 
Versailles,  however,  specimens  of  Columnaria  alveolata  are 
rather  rare,  though  some  of  large  size  are  found  occasionally  at 
the  proper  horizon. 

The  Tetradium  bed,  on  the  contrary,  often  gains  in  import- 
ance northward.  At  Versailles  its  thickness  is  eight  and  a  half 
feet,  Columnaria  alveolata  occurring  10  inches  lower  down. 
At  Osgood,  it  rests  immediately  u])()n  the  Columnavia  alveo- 
lata  bed.  At  the  Derbyshire  Falls,  southwest  of  Laurel,  the 
Tetradium,  bed  has  a  vertical  thickness  of  three  and  a  half 
feet;  llehertella  InHeulpta^  marking  the  base  of  the  Liberty 
bed,  occurs  at  the  proper  vertical  interval  along  the  road  lead- 
ing from  Laurel  to  Metamora,  a  short  distance  south  of  the 
crossing  over  the  stream  which  flows  from  the  Falls  to  the 
river. 

At  Madison,  and  sonthwanl  along  the  Ohio  river,  the  most 
characteristic  part  of  the  Madison  bed  is  the  mjissive  sandy  brown- 
ish rock,  32  feet  thick,  forming  the  upper  two-thirds  of  the 
section.  This  phase  continues  northeastward  from  Madison 
across  the  eastern  half  of  Jefferson  countv.  Northwest  of  this 
line,  however,  toward  Versailles,  New  Marion,  Butlerville,  and 
northward,  there  is  a  considerable  change  in  the  lithological 
appearance  of  this  part  of  the  Madison  bed  section.  The  first 
change  is  seen  5  miles  north  of  Madison,  at  the  crossing  of  Razor 
creek  over  the  Graham  road ;  here  the  upper  part  of  the  sec- 
tion equivalent  to  the  massive  brownish  sandy  bed  is  more 
whitish,  more  calcareous,  and  less  sandy.     Two  miles  farther 
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north  the  upper  part  of  the  Madison  bed,  14  feet  thick,  is 
again  massive  brownish  and  sandy ;  the  middle  and  lower  part 
40  feet  thick,  is  soft  and  weathers  readily;  Columnaria 
alveolata  occurs  at  the  base,  and  Tetradiuin  is  found  8  feet 
higher  up.  A  mile  and  a  half  farther  north,  at  Belleview, 
that  part  of  the  section  ecniivalent  to  the  upper  part  of  the 
massive  bed,  20  feet  thick,  is  again  more  calcareous,  of  a  more 
whitish  or  bluish  color,  sometimes  slightly  tinged  with 
purple ;  it  has  a  much  more  calcareous  appearance,  often 
weathers  very  irregularly,  and  evidently  corresponds  closely  in 
appearance  to  the  greater  part  of  the  Madison  bed  as  exposed 
at  Versailles,  ]Jsew  Marion,  Butlerville,  Nebraska,  and  north- 
ward as  far  as  Osgood  and  Zenas.  This  whitish  or  bluish 
calcareous  form  of  the  Madison  bed  is  the  phase  most  character- 
istic of  the  area  in  which  the  Clinton  is  absent,  and  in  the  areas 
immediately  adjacent.  In  this  whitish  or  bluish,  more  calcar- 
eous phase  of  the.  Madison  l)ed,  fossils,  especially  bryozoans, 
are  less  rare,  and  at  some  horizons,  especially  near  the  top,  are 
even  common  locally.  That  part  of  the  Madison  section  at 
Belleview  which  corresponds  to  the  lower  part  of  the  massive 
division  of  the  section  at  Madison,  retains  its  brownish,  more 
massive  appearance  and  its  practically  unfossiliferous  character. 
This  part  of  the  section,  15  feet  thick,  may  be  traced  north- 
ward to  Versailles,  where  it  forms  the  unfossiliferous  brownish 
shales,  9  feet  thick,  immediately  overlying  the  Tetrddium  bed. 
These  imfossiliferous  shales  occupy  the  same  position  along 
the  stream  following  the  old  right  of  way  formerly  used  by  the 
Baltimore  and  Ohio  Southwestern  railroad  2  miles  northeast  of 
Osgood. 

The  fauna  occurring  at  the  top  of  the  Madison  bed  at  Madi- 
son, Indiana,  including  Lophospira  hamvieUiy  Holopea  huh- 
hardly  and  other  fossils,  may  be  traced  northward  2  miles 
beyond  the  line  between  Jefferson  and  Ripley  counties.  This 
fauna  is  not  confined  to  the  top  of  the  Madison  bed,  but  may 
occur  at  several  levels,  although  always  in  the  upper  part  of  the 
Madison  bed.  Occasionally  it  occurs  in  the  upper  part  of  the 
layers  which  are  equivalent  to  the  more  massive  part  of  the 
Madison  section,  sometimes  even  7  feet  below  their  usual  hori- 
zon. Farther  northward,  in  Ripley  county,  in  the  adjacent 
part  of  Jennings  county,  and  in  the  greater  part  of  the  area  from 
which  the  Clinton  is  absent  and  within  which  pebbles  are 
found  in  the  Clinton,  the  equivalents  of  the  Lophospira  ham- 
ineUi  and  Holopea  liuhharai  beds  consists  of  sandy  clays  and 
(clayey  limestones  containing  numerous  branching  bryozoans 
and  also  a  fair  brachiopod  fauna.  These  beds  are  described 
in  the  following  paragraj)hs. 

A  mile  and  a  Iialf  .south  of  Versailles,  south  of  the  home  of 
William  Kosengarn,  the  sandy  clay  at  the  top  of  the  Madison 
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bed,  10  feet  thick,  contains  Byssonychia  ohesa^  Ctenodonia 
cingulata^  a  form  of  Heherteua  occidentalis  in  which  the 
median  depression  of  the  brachial  valve  is  fairly  distinct  toward 
the  beak  but  nearly  obsolete  anteriorly,  a  variety  of  Platy- 
sirophia  of  medium  size  with  the  hinge  line  equalling  or  only 
slightly  exceeding  the  general  width  of  the  shell,  Streptelaenia 
nisticumj  and  Protarea  vetusta. 

The  same  fauna,  with  the  addition  of  Schizoloplia  moorei 
and  8treptela»ma  dharicans^  occurs  2  miles  northwest  of  Ver- 
sailles, where  a  branch  of  Cedar  creek  crosses  the  old  road 
from  Versailles  to  Osgood.  It  is  seen  also  one  mile  northeast 
of  Osgood  south  of  the  right  of  way  formerly  occupied  by  the 
Baltimore  and  Ohio  Southwestern  railroad,  in  a  quarry.  Here 
in  addition  to  the  fossils  near  Versailles  are  lound  Crania 
ecabiosa,  Treinatis  niillepunctatn^  Hebe  r  tell  a  oec  id  en  talis 
typical  form,  Ilehertella  sinuata,  Strophomena  sulcata^  and 
iiafinesquina  alternaia.  At  the  quarry  the  lower  part  of  the 
section  consists  of  limestone,  which  is  equivalent  to  the  upper 
part  of  the  massive  bed  at  Madison,  and  to  the  upper  part  of 
the  exposure  at  the  northern  edge  of  Versailles.  The  over- 
lying section,  at  least  13  feet  thick,  contains  the  fossils  just 
enumerated.  Immediately  above  occur  layers  of  limestone  in 
which  are  found  structures  which  either  are  concretionary  or 
are  specimens  of  Strephoehetus  or  Girvanella^  varying  between 
a  quarter  and  a  half  inch  in  diameter.  This  layer  is  better 
exposed  a  quarter  of  a  mile  southwest  along  the  same  stream, 
nearer  town.  Immediately  overlying  this  layer  are  thin  lime- 
stones-in  terbedded  with  clay,  a  section  about  S  feet  thick,  aoxi- 
tsinm f^  Hebertel la  slmiata,  Pfaff/strop/tia  Madison  bed  form, 
Strophontena  sulcata^  LophoHplra  tropidoplurra^  Protarea 
vettufta,  and  Streptelasma  aivarlcans,  Several  feet  farther  up, 
the  top  of  the  Madison  bed  consists  of  whitish  limestone  con- 
taining Tetrad lu )n  ;  it  evidently  is  the  source  of  some  of  the 
pebbles  in  the  Clinton  limestone. 

Six  miles  north  of  Osgood,  a  mile  and  a  half  northeast  of 
Napoleon,  the  clays  and  thin  limestones  at  the  top  of  the  Madi- 
son bed,  exposed  for  a  distance  of  at  least  10  feet  beneath  the 
Clinton,  contain  lilninohotrema  capax^  Zygo^pira  t/todestu^ 
and  Plectamhonites  sericea  in  addition  to  species  already 
mentioned.  Iiafinesquina  alternata  is  rather  abundant  in  the 
white  limestone  at  the  top  of  the  section.  Streptelusma  dlvari- 
cans  is  common  at  this  horizon.  Strepk'las/na  rnstirnm  is  less 
abundant.  Ilehertella  near  oecidentaUs  and  the  Madison  bed 
form  of  Platystrophia  are  common  here  as  elsewhere. 

A  mile  north  of  Xapoleon,  a  branch  of  Laugherv  creek 
exposes  the  top  of  the  Madison  bed,  containing  Platystrophia 
acuiilirita^  and  a  large  form  of  PU'ctanibonites^  25"""  in  width 
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and  strongly  curved  anteriorly  in  a  geniculate  manner,  in 
addition  to  Rhynchotrema  capdx  and  other  fossils, 

The  localities  so  far  mentioned  occur  along  the  eastern  line 
of  outcrop  of  the  Clinton,  where  the  position  of  the  fossiii- 
ferous  layers,  forming  the  top  of  the  Madison  bed,  with  refer- 
ence to  tiie  Tetradiuin  and  Columnaria  layers  at  its  base,  mav 
be  determined  by  following  these  l)ed8  alon^  practically  con- 
tinues lines  of  exposure.  The  fossil  lists  indicate  the  presence 
in  the  upper  part  of  the  Madison  bed  of  a  considerable  number 
of  fossils  hitherto  considered  as  confined  to  lower  divisions  of 
the  Richmond.  There  is  evidently  a  recurrence  of  species 
usually  found  more  abundantly  in  the  Whitewater  bed.  If  the 
existence  of  these  species  at  the  top  of  the  Madison  bed  could 
not  be  proved  by  following  up  practically  continuous  exposures 
from  Madison  to  the  southeastern  border  of  Ripley  county, 
and  then  up  the  Laughery  to  Versailles,  Osgood,  and  Napoleon, 
the  occurrence  of  these  species  immediately  beneath  the  Clin- 
ton in  the  Ripley  island  area,  farther  west,  at  a  considerable 
distance  from  the  contiimous  line  of  outcrop,  would  have  been 
coiisidered  as  indicative  of  the  presence  of  one  of  the  lower 
divisions  of  the  Richmond,  probably  the  Whit^ewater  bed. 

Five  miles  west  of  J^apoleon.  a  mile  southeast  of  the  north- 
western corner  of  Ripley  county,  on  Honey  creek,  LepUiena 
rhomhoidalisy  Strophomena  vetusta,  the  Richmond  group 
form  of  Cyclonetna  hilix^  and  Calynimene  caUicephala  are 
added  to  the  list  of  species  already  mentioned  as  occurring  at 
the  top  of  the  Madison  bed.  Raiinesquina  altemata  is  found 
in  the  white  limestone,  3  feet  thick,  forming  the  top  of  the 
Madison  bed.  Immediately  below,  Calymmene  caUtcephala^ 
Plectamhonitea  sericea,  and  a  strongly  convex  species  of 
Dalmimella^  only  13""°  wide,  occur.  The  underlying  beds, 
consisting  of  thin  irregular  limestones  weathered  into  frag- 
ments and  of  greater  quantities  of  clay,  contain  in  addition  to 
species  already  named  from  this  locality,  IleberteUa  occidentalism 
IleherP'lla  near  sinvata^  the  Madison  bed  form  of  Platy- 
strophia^  Plniystrophin  nexitilirita^  Strophomena  suf-cata^  the 
large  strongly  curved  form  of  Plectamhonites^  Rhynchotrema 
capa.rm  Protarea  vetusta^  Sfreptelasi/ur  rusticum^  Streptelamna 
divan'cafiM,  and  Lophosp'tra  tropidophora.  The  form  of 
Byssonyrhia  usually  listed  as  B.  radiata  is  present.  The  total 
thickness  of  the  fossiliferous  section  here  is  20  feet.  This  in 
itself  would  formerly  have  placed  the  reference  of  the  Honey 
creek  exposure  to  the  top  of  the  Madison  bed  in  doubt,  but  the 
fossih'ferous  layers  at  the  to])  of  the  Madison  bed  northeast  of 
Osgood  have  an  e([ual  thickness,  and  the  exposures  at  Osgood 
and  near  JSapolenn  carry  practically  the  same  fauna. 

At  Zenas,  5  miles  southwest  of  the  Honey  creek  exposures, 
the  fossiliferous  layers  at  the  top  of  the  Madison  bed  contain 
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HeherteUa  near  occidentalism  and  HeherteUa  near  sinuata^ 
Platystrophia  Madison  bed  form,  Platystrophia  acutiliritaj 
Rafinesquina  altemata,  Ctenodonta  cinguCata,  Schizolopha 
mooreij  and  Protarea  vetusta.  Ten  feet  below  the  base  of  the 
Silurian  section  occurs  limestone  corresponding  to  tlie  compara- 
tively nnfossiliferous  Ihnestone  at  the  base  of  the  quarry  a  mile 
northeast  of  Osgood,  and  to  the  top  of  the  exposures  at  the  north 
end  of  Versailles. 

About  5  miles  northwest  of  Zenas,  and  0  miles  west  of  the 
Honey  creek  locality,  near  the  mouth  of  Painter  creek,  a  mile 
and  a  half  southeast  of  Westport,  the  top  of  the  Ordovician, 
exposed  in  a  vertical  section  15  feet  thick,  contains  the  follow- 
ing fossils,  which  have  been  listed  also  from  other  localities 
farther  east:  Dalmanella  small  species  with  very  convex 
brachial  valves,  HeherteUa  near  occidentalism  HeherteUa  sinu- 
ata^  Madison  bed  form  of  Plafi/stroj)/ua,  Platf/strop/iia  acuti- 
liriia,  Leptaena  rkomhoidalis^  Strophomena  sulcata^  Stroj)ho- 
mena  vetusta^  large  form  of  I^Iectamhonites  strongly  deflexed 
anteriorly,  tihynchotrema  capajc,,  l^reinatis  miUepunctata^ 
Protarea  vetust^i^  Streptelasma  rusticnm^  and  Streptelasrna 
divaricans,  Dinorthis  suhquadrata^  not  noted  so  far  at  this 
horizon,  occurs  also. 

From  Versailles  the  top  of  the  Madison  bed  is  exposed 
almost  continuously  along  Big  Graham  creek  as  far  as  Eenville. 
At  New  Marion  the  fossiliferous  clayey  beds  overlying  more 
solid  limestones  produce  a  section  easily  recognized  as  equiva- 
lent lithologically  and  faunally  to  that  at  the  top  of  the  Madi- 
son bed  at  Versailles.  Four  miles  north  of  Benville,  a  mile 
and  a  half  south  of  Nebraska,  the  banks  of  Otter  creek  expose 
a  considerable  section  of  Richmond  rocks,  about  GO  feet  thick, 
all  of  which  is  placed  in  the  Madison  bed,  being  regarded  as  a 
nearly  complete  section  of  the  ^ladison  bed  at  this  locality. 
The  lossils  include  the  Madison  bed  form  of  Platystrophia^ 
HeherteUa iie^r 8i?itiat(tm  and  Slrej^t^liisina  divaricans.  At  some 
horizons  bryozoans  are  rather  common,  and  their  study  may 
accomplish  much  in  the  future  in  coniirming  or  combating 
the  views  here  expressed,  since  the  bryozoans  are  better  horizon 
markers  as  a  rule  in  the  Cincinnati  formations  than  the  brachi- 
opoda.  In  fact,  the  observations  here  recorded  are  direct 
evidence  of  the  limited  value  of  brachiopoda  as  horizon  markers 
since  most  of  the  species  here  listed  for  the  first  time  from  the 
Madison  bed  have  long  been  known  from  lower  iiorizons  in 
the  Richmond. 

Uncanforinity  heticeen  Madison  and  JSiagaran  heds  com- 
paratively  small, — The  thickness  of  the  Madison  bed  varies  in 
an  irregular  manner  in  Indiana  and  western  Kentucky,  but  in 
general  there  is  a  decrease  in  thickness  on  passing  from  Madi- 
son southward   toward    central   Kentucky.     In   the   opposite 
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direction,  on  passing  from  Kentucky  toward  Indiana,  there  is 
an  increase  of  tliickness  and  the  observations  so  far  made 
indicate  that  this  increase  continues  northward  from  Madison 
toward  the  areas  in  the  central  part  of  Ripley  and  Jennings 
counties,  in  which  the  Clinton  is  absent  The  two  or  three  feet 
of  fossiliferous  strata  at  the  top  of  the  Madison  bed  at  Madison 
appear  to  be  the  attenuated  representatives  of  the  much  thicker 
fossiliferous  beds  at  the  top  of  the  Madison  bed  in  the  central 
part  of  Ripley  and  Jennings  counties.  The  Silurian,  therefore, 
instead  of  resting  upon  lower  beds  of  Richmond  age  in  the 
region  in  which  the  Clinton  is  absent,  actually  rests  on  beds 
representing  the  latest  dejx)sit8  of  Madison  age  so  far  studied. 
The  small  degree  of  unconformity  between  the  top  of  the 
Ordovician  and  the  base  of  the  Silurian  in  the  areas  of  Indiana, 
Ohio,  and  northern  Kentucky,  so  far  under  investigation,  is  a 
most  striking:  feature,  considering  the  great  lapse  of  time  inter- 
vening between  their  disposition,  as  indicated  by  the  great 
diflEerence  of  their  faunas. 

The  Lophospira  hammdli-Holopea  huhhardi  fauna  may  be 
traced  from  the  southern  margin  of  Ripley  county  to  Floyds- 
burg,  in  Kentucky,  about  13  miles  southeast  of  Charlestown 
landing.  The  fauna  appears  to  be  a  depauperate  one,  a  num- 
ber of  genera  being  represented  by  species  of  comparatively 
small  size. 

PardUelimn  of  certain  features  shown  hy  Clinton  on  oppo- 
site sides  of  the  geanticline. — Along  the  same  line  of  exposures, 
between  the  northwestern  corner  of  Switzerland  county  and 
Lagrange,  in  Kentucky,  the  Clinton  is  usually  quite  thin,  has 
a  light  red  or  pink  instead  of  a  salmon-brown  color,  and  litho- 
logically  appears  to  be  a  dense  siliceous  limestone  instead  of  a 
detrital  limestone.  Salmon-brown  detrital  phases  are  seen 
along  this  line  but  are  less  common.  The  area  in  which  the 
siliceous  phases  of  the  Clinton  are  common  is  indicated  on 
the  accompanying  map.  Farther  south,  toward  Mount  Wash- 
ington and  for  a  short  distance  south  of  Salt  river,  in  Kentucky, 
the  salmon-brown,  detrital  phases  of  the  Clinton  are  seen  again. 
Northward,  the  sahnon-brown  phases  of  the  Clinton  extend  as 
far  as  Laurel,  Indiana. 

The  salmon-brown  color  of  the  Clinton  in  Indiana  and 
western  Kentucky  apj)ear8  to  be  due  to  the  presence  in  very 
small  quantity  of  some  iron  compound,  sufficient  to  stain  the 
calcite,  but  not  visible  to  the  eye,  even  under  a  microscope,  as 
a  substance  distinct  from  the  calcite.  In  Ohio  and  Kentucky, 
east  of  the  Cincinnati  geanticline,  ferruginous  layers  occur  at 
the  top  of  the  Clinton  at  many  localities  *^  within  an  area  which 

*01iio  Geo!.  Surv.,  iii.  p.  442,  1878.  Ohio  Geol.  Snrv,,  Kept,  for  1870,  pp. 
268,  200.  Kentucky  Geol.  Surv.,  Rei)t.  on  Bath  county,  by  W.  N.  Ldimey, 
]).  18,  1886.     On  the  Clinton  oolitic  iron  ores,  this  Journal,  xli,  28,  1891. 
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has  approximately  the  same  nortliward  aud  Eontliward  exteusioo 
as  the  salmon -brown  Clinton  west  of   the  geanticline.     The 


extent  of  tliis  area  is  indicated  on  this  plate.     At  the  Kose  Kun 
Mining  Company  quarries,  4  miles  east  of   Owingsville,  the 
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ferruginous  layers  have  a  thickness  of  3  feet  and  are  sent  to  the 
iron  furnaces  along  the  Ohio  river.  The  rock  was  ori^nally  a 
detrital  limestone,  more  or  less  oolitic,  but  has  in  the  course  of 
time  been  replaced  in  part  by  a  red  iron  ore  which  often  pre- 
serves the  structure  of  the  fragments  and  of  the  more  complete 
specimens  of  fossils,  indicating  the  source  of  the  material  to 
which  the  rock  owes  its  original  composition.  Tlie  rock  was 
formerly  quarried  for  use  in  smelters  also  at  other  localities  in 
Kentucky  and  Ohio,  but  the  development  of  iron  industries 
elsewhere,  in  other  states,  on  a  much  larger  scale,  has  led  to  the 
abandonment  of  these  workings  in  the  Clinton  of  Kentucky 
and  Ohio  at  all  localities  except  at  Owingsville. 

Pebbles  are  found  in  the  Clinton  of  Ohio  at  other  localities* 
than  the  locality  first  described  bv  Professor  Orton.  They  are 
abundant  at  several  horizons  in  the  Clinton  near  Sharpsville. 
The  area  within  which  they  are  fairly  common  is  indicated  on 
the  accompanying  map.  It  is  interesting  to  notice  that  this 
area  is  located  directly  east  of  the  area  in  Indiana  where  peb- 
bles are  so  common.  At  some  localities  in  Ohio  the  peboles 
are  of  much  larger  size  than  those  usually  found  in  Indiana;  at 
one  locality  2  miles  east  of  Belfast,  pel)bles  4  to  8  inches  in 
length  are  common,  and  quite  a  number  attain  a  length  of  12 
inches.     They  are  always  strongly  rounded. 

Wave-marks  are  characteristic  of  the  top  of  the  Clinton  over 
a  wide  area  in  Kentucky  and  Ohio.  The  extent  of  this  terri- 
tory is  indicated  on  the  accompanying  map;  it  is  almost  coin- 
cident with  the  extent  of  the  area  containing  ferruginous 
deposits. 

In  case  the  Cincinnati  geanticline  was  already  sufficiently 
developed  in  Clinton  times  to  form  a  barrier  in  southern  Ohio, 
Indiana,  and  adjacent  Kentucky,  the  opposition  of  conglomer- 
atic and  salmon-brown  deposits  of  Clinton  age,  west  of  the 
geanticline,  to  conglomeratic,  ferruginous,  and  wave-marked 
deposits  east  of  the  geanticline  may  have  little  connection.  In 
ease  this  barrier  did  not  exist,  the  observations  so  far  made  are 
in  favor  of  a  gradual  diminution  in  thickness  of  the  Clinton 
across  the  northern  part  of  the  field.  They  do  not  exclude  the 
pos.sibility  of  the  former  presence  of  the  Clinton,  thinning 
westward,  even  across  the  northern  extremity  of  Kentucky. 
In  this  case  the  same  cause  may  have  been  operative  in  both 
territories,  east  and  west  of  the  geanticline.  The  evidence  of 
wave  and  current  action  is  much  stronger  in  the  area  east  of 
the  geanticline  than  westward.  It  is  impossible  to  determine 
from  the  evidence  at  hand  whether  the  few  feet  of  Clinton 
strata  west  of  the  geanticline,  in  the  region  nearest  the  areas 
from  which  the  Clinton  is  ab&ent,  are  to  be  regarded  as  equiva- 

*Jouni.  Geol.,  iii,  pp.  16-30. 
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lent  to  the  tipper  part  of  the  Clinton  east  of  the  geanticline  or 
as  practically  equivalent  to  the  entire  eastern  section.  So  far 
no  great  difference  has  been  noticed  in  the  faunas  in  the  upper 
and  lower  parts  of  tlie  Clinton,  cast  of  the  geanticline. 

Additional  notes  on  the  development  of  the  Cincinnati 
geanticline. — The  pre-Me.so- Devon ic  origin  of  the  Cincinnati 
geanticline  is  shown  best  in  Kentucky  and  Tennessee.  Along 
the  crest  of  the  geanticline  Devonian  rocks  rest  on  Ordovician 
formations,  but  both  east  and  west  of  the  crest  the  Devonian 
rests  on  successively  younger  beds  of  the  Niagaran.  The 
thinning  out  of  the  Louisville  bed  diagonally  uj)  the  western 
flank  of  the  geanticline  from  at  least  00  feet  at  Louisville  to 
nothing  at  Greensburg,  and  a  similar  thinning  from  the  eastern 
parts  of  Bartholomew  and  Shelby  counties  eastward  toward 
Greensburg,  suggest  similar  conditions  farther  northward,  in 
Indiana.  At  Greensburg,*  according  to  Mr.  J.  A.  Price,  the 
sandy  limestone  of  the  Devonian  rests  directly  upon  the  upper 
lavers  of  the  Laurel  bed,  even  the  Waldron  bed  being  absent. 
Tlie  pre-Meso-Devonic  age  of  the  geanticline  is  indicated  also  in 
southern  Ohio,t  where,  according  to  Professor  Orton,  neo- 
Devonian  black  slates  or  shales  rest  in  succession  on  Niagaran, 
Cayugan,  and  Meso-Devonic  limestones  on  proceeding  from 
Highland  county  across  Koss  toward  Franklin  and  Delaware 
counties.  The  presence  of  unconformable  contacts  between 
the  Xiagaran  and  Devonian  in  northern  Indiana,  at  Delphi, 
Georgetown,  and  Kentland,:*:  has  been  shown  by  Dr.  E.  M. 
Kindle.  The  evidence  at  hand,  however,  does  not  demonstrate 
the  presence  of  the  Indiana  branch  of  the  geanticline  in  pre- 
Devonic  times. 

The  most  interesting  contribution  of  Dr.  Kindle  to  the  pre- 
Meso-Devonic  geology  of  northern  Indiana  is  the  demonstration 
of  the  presence  of  strongly  quaquaversal  dips  affecting  Silurian 
rocks  previous  to  the  deposition  of  the  Devonian.  At  some 
localities  these  dips  suggested  the  presence  of  small  domes. 
Quaquaversal  dips,  although  usually  of  a  much  less  pronounced 
character,  are  shown  bv  Silurian  strata  also  in  central  and 
southern  Kentucky,  and  along  the  west(»rn  Hank  of  the  geanti- 
cline in  Tennessee.  In  fact,  all  the  evidence  ^o  far  accumu- 
lated indicates  that  while  the  Cincinnati  geanticline  in  general 
shows  a  verv  simple  structure,  locallv  it  mav  show  strone:lv 
quaquaversal  di])s  connected  with  subsidiary  folds  whose  axes 
may  be  very  divergent  from  the  main  axis  of  the  geanticline. 
Owing  to  the  low  inclination  of  the  rocks  over  the  greater  y)art 
of  the  area,  these  subsidiary  folds  attract  much  more  attention 
than  they  would  in  a  more  highly  inclined  series  of  rocks. 

♦  Indiana  (ieol.  Snrv.,  24th  Rept.,  pp.  87-00. 
f  Ohio  Geol.  Snrv.,  Rept.  for  1870,  pp.  285-287. 
%  This  Journal,  vol.  xv,  p.  459,  1903. 
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Quaclnavergal  dips  may  have  existed  even  before  the  deposi- 
tion of  the  Niagaran.  The  variations  in  thickness  of  the 
Clinton  in  Konie  parts  of  Kentucky  and  Tennessee  are  of  an 
irre^jfular  character  and  can  not  l)e  correlated  in  such  a  manner 
a8  to  demonstrate  the  presence  of  the  Cincinnati  geanticline  in 
pre-Niagaran  times.  The  presence  of  wave-marks  and  pebbles 
in  the  Clinton  of  Ohio,  Indiana,  and  northern  Kentocky  may 
have  lieen  connected  with  the  existence  in  early  Silurian  times 
of  very  low  irrcfrulai'  elevations  of  land  of  comparatively  small 
extent  in  a  very  shallow  expanse  of  sea  covering  wider  areas. 
Similar  wave-marks  and  pebbles  are  foun<l  at  various  elevations 
in  the  Ilichmond  gronj)  in  southwestern  Ohio,*  northern  Ken- 
tucky, and  southeastern  Indiana. 

The  formation  of  the  Cincinnati  geanticline  probably  began 
with  a  general  elevation  of  the  sea  bottom  over  wide  areas. 
producing  shallow  waters.  The  irregular  distribution  at  dif- 
ferent levels  of  wave-marks  and  pebbles  in  rocks  of  Richmond 
age  show  that  during  late  Ordovician  times  the  waters  were 
locally  sufficiently  shallow  to  bring  the  sea  l)ottom  within  the 
range  of  action  of  waves,  some  parts  being  probably  exposed 
to  the  air,  at  least  at  low  tide.  Along  the  western  ranges  of 
the  Alleghanies  there  may  have  been  a  wide  expanse  of  dry 
land,  since  the  Kichmond  is  absent  eastward.  Later  there  was 
a  depression  of  the  area  eastward  permitting  the  deposition 
there  of  the  neo-Niagaran,  but  no  <leposit8  of  this  kind  are 
known  in  the  region  of  the  Cincinnati  geanticline,  although 
their  existence  has  been  inferred  in  eastern  and  northern  Ohio, 
below  the  cover  of  later  rocks,  from  the  records  of  drillers. 

During  early  Kiagaran  times  the  depression  appears  to  have 
progressed  sufficiently  to  permit  of  the  deposit  over  wide  areas 
of  the  Clinton.  TJiere  is  no  evidence,  however,  that  the 
Clinton  ever  reached  the  western  half  of  Indiana  and  the 
adjacent  part  of  Kentucky.  During  the  Clinton  irregular 
shallow  water  conditions  ])revailed  in  certain  areas.  The 
Osgood  clays  may  formerly  have  extended  across  the  region  of 
the  present  Cincinnati  geanticline.  The  moderate  quaqua- 
versal  dips  of  tlie  earlier  part  of  the  Niagaran  were  followed 
in  some  areas  by  the  stronger  quaquaversal  dips  of  the  later 
Silurian.  Just  when  the  changes  in  level  involved  resulted  in 
the  production  of  the  initial  stages  of  the  axis  of  the  present 
Cincinnati  geanticline  is  unknown,  but  it  probably  preceded 
Devonian  times  since  in  the  Meso-Devonian  the  Cincinnati 
geanticline  liad  attained  considerable  development. 

Wliile  the  origin  of  the  Cincinnati  geanticline  in  pre-Meso- 
Dcvonif^  times  cnn  be  denionstrated,  it  owes  its  present  propor- 
tions chietly  to  later  orogenic  pro(!esses.  In  Ohio,  the  labors 
of  Professor  Orton  have  demonstrated  to  what  a  remarkable 
extent  the  ])resent  development  of  the  geanticline  was  depend- 

*  Journ.  Ot*u\.,  \t%vs^  p\N.  6,  T^  9-11. 
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ent  upon  post-Meso-Devonic  folding.  His  sections  from  Bryan 
to  Sandusky,*  and  from  Bryan  to  Bucyrus  show  this  clearlv, 
and  similar  sections  collated  from  his  notes  on  the  well  records 
of  more  southern  areas  indicate  to  what  a  large  extent  the 

feanticline  owes  its  importance  to  post-Meso-Devonic  folding, 
'he  strong  eastward  dip  of  the  neo-I)evonic  black  shales  and 
o£  the  Waverly  indicate  that  a  great  part  of  this  folding  was 
probably  of  post-Mississippian  age.  Similar  facts  are  observed 
also  along  the  Ohio  river,  west  of  the  crest  of  the  geanticline,  near 
Loui8ville,t  where  it  is  evident  that  the  rapid  westward  dips 
affecting  the  neo-Devonic  black  shale  and  the  Mississippian  strata 
are  largely  instrumental  in  giving  prominence  to  the  geanticline. 
Similar  facts  are  observed  also  in  Kentucky  and  Tennessee. 
The  elevation  of  the  Cinchmati  geanticline  was  therefore  a 
process,  probably  more  or  less  interrupted,  but  continuing 
through  long  geological  ages,  the  greater  part  of  the  develop- 
ment of  this  fold  iiaving  taken  place  in  post-Devonian,  and 
probably  in  post-Mississippian  times. 

Approximate  relationship  of  Clinton   and  Osgood  Faunas   of 
Indiana  to  the  lower  Niaffaran  launas  of  Xeic  York, 

The  Osgood  bed  introduces  the  typical  Niagaran  fauna.  Here 
are  found  the  first  species  of  Gornphocfjsiites^  Holoeystites^ 
Stephanocrinus^  Pisocri)LUS^  and  Lceanocriniis ;  here  are 
found  the  first  specimens  of  Peniantevus  ohlongus^  lihynclu)' 
tretii  cuneata  amerie.ana^  typical  Cainarotoechia  neylecta^  C, 
indianensis^  Atrypa  retieularl'i^  Splrifr  radiatns^  Sp,  endora^ 
Sp.  nia^arensis^  Cyrtea  edporrerta^  (.\  myrtea^  Nucleospira 
pisifonnis^  Whitjieldella  eyllndrica^  Atrypa  calvani^  Ortho- 
ceras  amyeu^^  0.  medulla re^  and  Dalmanites  lunnlurus. 

The  Clinton  of  Ohio,  Indiana,  and  Kentucky  contains  a 
faujia  so  different  from  that  of  New  York  and  other  eastern 
localities  that  the  existence  of  some  sort  of  a  barrier  between 
these  two  areas  has  l)een  suggested.  The  attempt  formerly  to 
identify  western  Clinton  species  by  means  of  the  j)lates  in  the 
second  volume  on  the  paleontology  of  New  York  has  resulted 
in  various  errors  not  yet  corrected.  It  is  certain  that  the 
species  identified  as  Strophondla  patenta  from  the  Clinton  of 
^'Miio  is  distinct  from  tlie  type  species  described  from  New 
York  and  the  name  Stropho)iella  daytmiennis  is  here  suggested 
for  the  same.  The  identification  of  Phacops  trisulcatus  rests 
upon  very  unsatisfactory  grounds.  Such  names  tis  Cornulites 
distans^  Orthoceraa  claratum^  0.  virgulatum^  Comilaria 
niagaren8is^  and  March isonia  Hvhulata^  can  have  little  value 

♦  Ohio  Geol.  Surv.,  vi,  1888,  pp.  48,  134,  183,  305.  Am.  Geol.  1891,  pp. 
105-108. 

t  Indiana  Geol.  Surv.,  25th  Rept.,  map,  p.  349;  Silver  Creek  Hydraulic 
limestone,  by  C.  E.  Siebenthal ;  also  26th  Rept.,  1903,  maps,  pp.  285,  261 ; 
Geological  section  across  southern  Indiana,  by  J.  F.  Newsom. 
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until  much  better  representatives  of  the  type  species  are 
secured.  Sphaerexochus  pisum  is  a  species  oi  Deiphan  and 
is  closely  related  to  D.  forhesi.  Kepresentatives  of  genera 
more  abundantly  represented  in  the  Ordovician  occur  in  the 
Clinton,  such  as  Platystrophi-a  daytoneiuis^  PI.  reversata, 
Hehertella  favMa^  II.  daytonensis^  Cycloneirui  daytonensis, 
A  form  of  Plectamhonites  allied  to  PI.  sericea  is  the  only 
species  passing  from  the  Ordovician  into  the  Clinton  with 
little  change ;  the  more  distinct  form,  PI.  tra?isversalis,  how- 
ever, is  much  more  common.  The  identification  of  the  lowest 
Silurian  bed  in  the  area  of  the  Cincinnati  geanticline  as  Clinton 
does  not  rest  so  much  upon  the  identity  of  faunas  at  the  two 
localities  as  upon  tlie  presence  of  a  few  species  which  are  iden- 
tical, a  few  which  are  closely  allied,  the  general  absence  of 
species  which  may  be  regarded  as  most  typical  of  the  Roches- 
ter shale  of  New  York,  and  a  general  facies  which  suggests 
that  the  western  fauna  represents  a  somewhat  similar  stage  in 
development. 

In  New  York,  some  of  the  species,  which  in  the  area  of  the 
Cincinnati  geanticline  are  not  found  beneath  the  Osgood  bed, 
occur  in  the  lenses  at  the  top  of  the  Clinton  ;  some  of  them 
occur  even  in  the  upper  beds  of  the  Clinton.  As  far  as  may 
be  determined  from  the  evidence  at  hand,  the  Osgood  bed  con- 
tains a  part  of  the  fauna  of  the  lenses  at  the  top  of  the  Clinton 
and  of  the  lower  half  of  the  Rochester  shales  m  New  York,  a 
part  of  this  fauna  beginning  at  the  top  of  the  Clinton  in  that 
state  ;  while  the  Clinton  of  Oliio,  Indiana,  and  Kentucky  appears 
to  have  attained  the  stage  of  development  equivalent  to  that 
of  the  Clinton  of  New  York,  below  the  lenses,  but  does  not 
contain  such  species  as  Pentamerus  ohloiigus^  Atrypa  reticti- 
laris,  Spirifer  radiaius,  Sp.  niagarensis^  which  in  the  west 
begin  their  existence  in  the  Osgood  bed.  The  fannal  elements 
of  the  Clinton  in  the  two  areas  are  different  and  a  more  exact 
comparison  is  at  present  impossible. 

lists  of  Niagaran  Possils. 

The  best  lists  of  the  fossils  of  the  various  subdivisions  of  the 
Cincinnatian  strata  in  Ohio,  Indiana,  and  adjacent  Kentucky 
are  those  published  by  Mr.  J.  M.  Nickles  in  the  Journal  of  the 
Cincinnati  Society  of  Natural  Histor^^,  volume  xx,  No.  2, 1902. 

A  list  of  the  fossils  identified  from  the  Clinton  of  Indiana 
was  published  in  "  Silurian  and  Devonian  limestones  of  Ten- 
nessee and  Kentucky,"  a  i^ulletin  of  the  Geological  Society  of 
America,  in  1901,  on  pages  488-441. 

Osf/ood  PofiSfis, 

In  the  following  list  the  names  of  the  localities  Osgood,  New 
Marion,  and  i^ig  Creek  are  indicated  by  the  letters  O,  N,  and 
li  following  immediately  after  the  name  of  the  species.    Unless 
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otherwise  recorded,   the  crinoide  and  cystids  are  from  Big 
Creek : 

Receptacnlites ,  B. 


Bcittilus. 
Bpangleri. 
spaeroidalis. 
splendens. 

snbglobosns,  Big  Creek  f 
snbovatns. 
Bubrotundos,  O. 
tiimiduB. 
tnrbiiiatuB,  O. 
ventricoBUB,  O. 
wetherbyi,  O. 
wykoffi. 
PisocrinuB  gemmiformiB,  0,N,B, 

Nebraska. 
Stephanocrinus  cometti,  B,  Bikers 

Ridge, 
deformis. 
elongatns,  0,B. 
hammelli,  O. 
obpyramidalis. 
osgoodensis,  O. 
quinquepartitns. 
Orthis  flabellites,  0,N,B,  Nebraska. 
Platy Atrophia  biforata,  Nebraska. 
Dalmanella  elegaiitula,  0,N. 
Rhipidomellahybrida,  0,N,  Nebraska. 
Leptaena  rhomboidalis.  N,B. 
Plectainbonites  trans versalis,  0,N,B, 
i  Nebraska. 

I  Rhvnchotreta  cuneata-americana,  O. 
!  Camarotoechia  Jieglecta,  N,B- 
Cainarotoechia  indianeiisis,  O. 
i  Atrvpa  reticularis,  0,N,B. 
Spirifer  radiatus,  N.B. 
I  Spirifer  eudora,  N. 
Spirifer  niagarensis,    N,B. 
Cyrtia  exporrecta,  N.B. 
Cyrtia  myrtea  (meta  !),  N. 
Nncleospira  pisiformis,  N. 
Wliitfieldella  cylindrica,  N. 
Whittieldella  (piadraugularis,  B. 
Atrypa  calvani,  B. 
Diaphorost(nna  niagarense,  0,N,B. 
Orthoceras  simulator,  B. 
Orthoceras  amyous,  0,B. 
Orthoceras  mednllare,  B. 
Calvmmene  naauta,  0,B. 
Dalraanites  limulurus,  O. 
lllaenns ,  0,B. 


Ceramopora  imbricata.  0,N,B. 
Hesotrjpa  milleri,  O. 
Idiotrypa  parasitica,  O. 
Callopora  elegantnla,  O. 
Pachydictya  crassa,  O. 
Dtmcanella  borealis,  0,N. 
Favosites  forbesi,  0,B. 
Favosites  cristatus,  B. 
Striatopora  flexuosa,  O. 
Siriatopora  sessile  on  crinoid  stems,  O. 
Tbecia  major,  O. 

Plasmopora ,  O. 

Allocystites  hammelli.  Rikers  Ridge. 
Caryocriuns  ellipticus,  O. 
Caryocrinns  indianensis. 
Caryocrinus  hammelli. 
Caryocrinns  omatus. 
Gomphocystites  indianensis. 
Holocystites  abnormis,  Madison  ? 

adipatas. 

affinis. 

ampins,  Big  Creek  i 

asper. 

branni. 

benedicti. 

baccnlus. 

cannens. 

colletti. 

commodus. 

cylindricus. 

dyeri,  Osgood. 

elegans. 

faberi. 

globosas. 

gorbyi. 

gyrinus. 

hammelli. 

indianensis. 

madisonensis. 

omatissimus. 

omatus. 

ovutus,  Madison  ? 

papulosus. 

parvulus. 

parvus. 

perlougus,  O. 

plenns. 

rotundas,  O. 

In  Ohio  Pentamerus  ohloncfus  oecui-s  in  the  Dayton  lime- 
stone, equivalent  to  the  base  of  the  Osgood  bed. 

Lavrel  Fossils, 
Unless  otherwise  stated,  the  fossils  are  from  St.  Paul. 

Amplexns  cinctutus,  Miller. 

Favosites  spongilla,  Rominger. 


Streptelasma 
Striatopora 


spongiaxis,  Rominger. 
gorbyi,  Miller. 
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follis.  Mi Ine-Ekl wards. 

scita?  Milne-Eklwards. 

scnlptQB,  Miller. 

benedicti.  Miller. 

indianensiH,  Miller. 

beachleri,  Wachsmuth  +  Sprinf^r. 

ellipticiiR,  Miller  +  Qurley. 

caualiculatas,  Miller. 

indianeiiHis,  Miller  +  Gurley. 

gorbyi,  Miller. 

indiaiieoKiH,  Miller  +  Qorley. 

inomatuB,  Miller. 

pnstuloBTis,  Miller :  a  few  miles  from  Waldron,  Indiana, 

some  distance  below  the  range  of  Waldron  beds. 
typus,  Wachrtmuth  +  Springer, 
elongatns,  Wachsmnth  +  Springer, 
ventricosus.  Wachsmnth  +  Springer. 
pnnctatuB.  Miller  4-  Gnrley. 
indianeDsis.  Miller  +  Gurlev. 
aareatns,  Miller, 
grannlosns,  Miller, 
eqnalis.  Miller. 

oblongns,  Wachsmnth  +  Springer, 
parvus,  Wachsmuth  +  Springer, 
baccula,  Miller  4-  Gnrley. 
globosus,  Ringneberg. 
benedicti,  Miller, 
howardi.  Miller, 
nmbrosus.  Miller  +  Gnrley. 
gorbyi,  Miller, 
tnmidns,  Miller, 
spheroidalis,  Miller  +  Gurley. 
howardi,  Miller. 

radiatns,  Sowerby.     From  Madison, 
howardi,  Miller, 
indianeiise,  Miller, 
annnlatnm, 
imbricatum, 
subcancellatum. 
elrodi.  White, 
bymesanus,  Miller  +  Gurley.     From  neighborhood  of 

Madison, 
hanoverensis.  Miller  +  Gnrley.     From  Hanover. 

The  fauna  of  tlie  Waldron  bed  was  described  by  Hall  in  the 
eleventh  annual  report  of  the  Indiana  Geological  Survey,  this 
being  a  republication  of  various  papers  in  the  Transactions  of 
the  Albany  Institute  and  the  New  lork  State  Museum  Reports. 

The  brachiopod  and  gasteropod  fauna  of  the  Louisville  bed 
was  described  by  Ilenrv  Xettelmth  in  Kentucky  Fossil  Shells 
of  the  Silurian  and  Devonian  Rocks,  1S89,  a  publication  of  the 
Kentucky  Geological  Survey.  The  corals  of  the  Louisville  bed 
were  figured  by  W.  J.  Davis,  in  Kentucky  Fossil  Corals  of 
the  Silurian  and  Devonian  Rocks,  1885.  In  these  publications 
all  foHsils  cited  from  Silurian  rocks,  with  the  possible  exception 
of  Zfijfhrcufis  jyatuhf,  Z.  f<oriiilis^  and  Z,  patens^  come  from  the 
Louisville  bed. 

Dayton,  Ohio. 


Plaamopora 

Plasmopora 

Aethocvstites 

Allocrinns 

Calceocrinns 

Callif'rinns 

Caryocrinns 

Cyclicocrinns 

Cyclicocrinus  ? 

Cyphocrinns 

Emperocrinns 

Gazacrinns 

Holocystites 

HyptiocriDus 
Idiocrinns 
Idiocrinns 
Indianocrinns 
Macrostvlocrin  us 

• 

Mariacrinns 

Mariacrinus 

Meiocrinns 

Melocrinns 

Meiocrinns 

Pisocrinns 

Pisocrinns 

Saccocrinas 

Saccoorinns 

Saccocrinus 

Stribalocystites 

Stribalocvstites 

stribalocystites 

Zophocrinns 

Spirifer 

Cyrtoceras 

Cyrtoceras 

Orthoceras 

Orthoceras 

Orthoceras 

Cyrtoceras 

Lichas 

Lichas 
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Art.  XXXVII. — A  Crystallographic  Study  of  Millerite  ;  by 

Charles  Palachk  and  H.  O.  Wood. 

The  crystallographic  character  of  millerite  was  first  defiDed 
by  Miller  in  1835  in  a  paper*  interesting  historically  as  con- 
taining the  first  presentation  of  his  index  system  of  notation. 
He  determined  the  forms  o,  (0001),  h,  (1010),  k^  (2i:50),  e,  (0112), 
r,  (lOll),  v\,  (0111)  and  ?',  (5052)  on  crystals  without  natural 
terminations,  but  which  had  been  broken  across.  And  on  a 
single  terminated  crystal  with  dull  faces,  he  found  the  form 
t^  (033l)  by  contact  measurement.  The  angle  0/\r  =  20°  50' 
was  the  average  of  several  readings,  and  led  to  the  axial  ratio 
a :  c  =  1 :  0*3295  which  is  at  present  accepted.  In  the  lack  of 
details  as  to  faces  and  measurements,  we  are  forced  to  conclude 
that  he,  at  that  time,  considered  five  kinds  of  cleavage  present, 
parallel  to  o,  <?,  ;•,  /'„  and  v.  In  his  Mineralogy!  the  matter 
18  presented  somewhat  differently.  The  prism  ^,  (1120)  is 
added,  and  instead  of  v,  (5052),  is  given  ^„  (10l2),  without 
explanation.  He  also  states  that  possibly  the  appearance  of 
cleavage  on  both  positive  and  negative  rliombohedrons,  /•  and 
r,  and  e  and  ^„  is  due  to  concealed  twinning  on  the  vertical 
axis.  The  occurrence  of  the  rhombohedron  v,  (5052),  is  there- 
fore left  in  doubt,  and  cleavage  parallel  to  the  base  and  to  the 
two  rliombohedrons  /•  and  e  is  indicated. 

In  1892,  Laspeyres:):  described  beyricliite  and  paramorphs  of 
millerite  after  bevricliite.  He  concludes  that  all  millerite  is 
derived  from  bevricliite,  and  that  for  the  crvstals  of  both 
minerals  examined,  the  crystallogra})hic  characters  are  identi- 
cal. The  forms  observed  were  />,  (lOlO),  <^/,  (1120),  «,  (4150), 
r,  (lOll)  and  6*,  (01l2i;  the  two  last  both  as  cleavages  and  as 
dull  terminal  faces,  and  each  in  apparently  positive  and  nega- 
tive positions  through  twinning  about  the  vertical  axis.  Ihe 
axial  ratio  a  :c  =  1 :  0"3277  was  derived  from  measurement  of 
the  cleavage  rhombohedron. 

The  form  /,  (4ir>(^),  is  based  on  poor  measurements,  the 
average  differing  by  more  than  a  degree  from  the  calculated 
value,  and  therefore  is  to  be  regarded  as  very  doubtful. 

In  1893,  the  same  author  in  a  paper§  on  the  various  nickel 
deposits  of  the  Rhine,  describes  various  occurrences  of  miller- 
ite. On  specimens  from  two  localities,  terminated  but  not 
measurable  crystals  were  observed,  on  wliich  c,  (0001)  and  ;*, 
(lOll)  were  present  together  with  the  ordinary  prism  forms. 

The  list  of  forms  known'on  millerite  up  to  the  present  time 

*  Phil.  Mag.,  vi.  104,  1835.  f  Phillips  Mineralogy,  163,  1852. 

X  Zeitschr.  f.  Kryst.,  xx,  535,  1892. 

§  Das  Vorkommen  imd  die  Verbreitnng  des  Nickels  im  Rheinischen  Scbie- 
fergebirge.     Verb.  Nat.-bist.  Ver.  Rbeinl.,  1,  142,  1893. 
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reads  then  as  follows:  6,  (lOlO),  a,  (ll30),  l\  (21 30),  e,  (0001), 
e,  (01l2),  A  (lOll),  and  doubtful  ?,  (4l50),  r,  (50o2j  and  ^, 
(0331).     Cleavage  parallel  to  ;•  and  e  is  established. 

In  the  Mineral  Cabinet  of  Harvard  University  is  a  suite  of 
specimens  derived  from  the  collection  of  Prof.  J.  D.  Whitnev, 
illustrating  the  occurrence  of  millerite,  and  its  associated 
minerals,  at  the  old  Nickel  Mine  at  Orford,  Province  of  Que- 
bec. The  beauty,  perfection  and  unusual  size  of  these  crystals 
of  millerite  led  to  their  studv,  and  examination  of  the  litera- 
ture  revealed  the  fact  that  no  detailed  description  of  this 
occurrence  existed.  Such  a  description  is  here  presented,  since 
the  study  of  this  material  has  added  largely  to  our  knowle<lge 
of  the  crystallography  of  millerite. 

The  nickel  deposit  occurs  on  the  east  side  of  Brompton  Lake 
in  Orford  Township,  Province  of  Quebec.  It  ctmsists,  as  may 
be  gathered  from  scattered  notes  in  the  Canadian  Survey 
Reports,  of  a  large  vein  chiefly  conj posed  of  granular  white 
calcite  which  traverses  serpentine.  Mingled  with  the  calcite 
and  especially  abundant  near  the  vein  walls  are  considerable 
masses  of  a  bright  green  chrome-garnet  in  granular  aggregates, 
and  of  a  liffht  colored  diopside,  both  granular  and  in  long 
stout  crystals.  Millerite  in  grains  and  prisms  is  scattered 
irregularly  through  the  vein  matter.  The  deposit  has  long 
been  known,  and  it  seems  to  have  been  worked  for  a  short 
time  in  the  sevenfies,  but  was  abandoned  soon,  the  nickel  con- 
tent of  the  vein  material,  less  than  one  per  cent,  having  been 
too  small  to  pay  for  extracting. 

The  specimens  in  hand  consist  chiefly  of  chrome-garnet, 
partly  in  granular  masses,  j>artly  in  aggregates  of  minute  indi- 
vidual crystals  held  together  by  a  cement  of  calcite,  the 
removal  of  which  with  acid  causes  tin?  mass  to  crumble.  In 
the  latter  case,  and  indeed  wherever  the  garnet  is  in  contact 
with  the  calcite,  it  is  in  sharp  crystals,  with  the  dodecahedron 
as  the  dominant  form.  On  a  few  crystals  the  dodecahedron 
edges  were  truncated  by  planes,  which  on  measurement  proved 
to  be  those  of  two  hexoctahedrons,  (35«S)  and  (459),  the  latter 
new  to  garnet.  The  faces  were  extremely  narrow  and  the 
reflections  poor,  hence  the  considemble  variations*  in  tlie  posi- 
tion of  the  faces. 

Symbol. 


Miller. 

(:^58) 
(:i8.->) 

Observed  angles  (av.). 

^                 P 
\vr  12'     35°  37' 

21°  00'      00°  08' 

No.  of  faces. 
0 

••> 

Calcnlated  angles. 

30°  58'     36°  05' 
20°  33'     69°  40' 

(5H;i) 

r.    8 

.3  1 "  2  I ' 

71°  42' 

32°  00' 

72°  21' 

(4.59) 

4      5 

:U)'  U>' 

.S.5''  20' 

0 

38°  39' 

35°  2«' 

(40.5) 

4      i| 

2:r^  'M\' 

02°  43' 

"> 

23°  58' 

63°  05' 

(.504) 

4       X 

2H°  40' 

OH^^  17' 

.5 

29°  03' 

68°  46' 

Palctche  and  Wood — CrystaUographic  Sltuiy  ofJUiUerite,  345 

The  garnet  is  green  in  color,  varying  from  a  yellowish  tone 
in  massive  specimens  to  a  deep  emerald-green  in  the  sparkling 
transparent  crystals. 

The  following  analysis  by  T.  Sterry  Hunt  is  taken  from 

Dawson,  Geology  of  Canada,  p.  497. 

I.  II. 

SiO 36-05 

A1,0, 17-50 

Cr,0, ()-L>0  G03 

FeO 4  97  4-80 

CaO 33-20  33-29 

MgO    ..    0-81 

Volatile 030 

Total   99-03 

The  analysis  shows  that  the  garnet  is  onvarovite,  but  with  a 
very  small  proportion  of  chromium. 

Specks  01  chromite  are  embedded  in  the  garnet,  in  places 
quite  abundantly. 

The  pyroxene  is  yellow-gray  or  pale  green,  and  is  either  in 
isolated  crystals  embedded  in  calcite,  in  granular  masses  con- 
sisting almost  wholly  of  this  mineral,  or  in  minute  crystals 
implanted  on  the  surface  of  garnet  aggregates.  The  crystals 
are  prismatic  and  are  often  large,  up  to  six  or  more  inches  in 
length.  The  pinacoids  a,  (1(K))  and  />,  ((UO)  are  dominant,  and 
narrow  faces  of  the  prisms  //?,  (110)  and  /,  (130)  are  always 
present.  These  forms  always  have  smooth  and  brilliant  faces  ; 
the  terminating  planes,  on  the  contrary,  are  always  <lull  and 
measurements  could  be  obtained  only  with  great  difficulty. 
The  forms  j>,  (lOl)  and  ?/,  (Ill)  are  always  present  and  occa- 
sionally minute  faces  of  <*,  (ool),  ^v,  (III),  and  several  other 
pyramids  not  correspondi::g  U)  established  pyroxene  forms 
were  noticed.  Twins  on  the  common  pyroxene  law,  (100)  the 
twinning  plane,  are  common.  No  analysis  of  this  material 
could  be  discovered. 

The  calcite  vein -tilling  is  snow-white  and  very  coarsely 
granular,  individual  cluavage  rhombs  up  to  three  inches  across 
being  at  hand.  It  is  characterized  by  an  extreme  deveh)p- 
ment  of  pressure-twinning  parallel  to  t\  (Oll2),  so  that  a  part- 
ing parallel  to  the  negative  rhombohedron  with  smooth  reflect- 
ing surfaces  scarcely  inferior  to  those  of  the  cleavage,  is  often 
obtained.  The  occurrence  of  this  twinning-parting  in  the 
calcite  is  especially  noteworthy,  since  this  identical  structure 
is  also  developed  in  the  millerite,  as  will  be  shown  i)resently. 

Millerite  occurs  scattered  through  the  massive  garnet,  more 
abundantly  at  the  boundary  between  garnet  or  pyroxene  and 
calcite,  and  finally  wholly  embedded  in  calcite.     The  aggre- 
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■  gates  of  garnet,  pyruxene,  calcite  and  millerite  are  snch  that 
no  Reqiience  of  formation  can  l>e  recognized,  all  appearinj; 
rather  to  have  crystallized  togetlier.  When  in  the  massiTe 
garnet  the  millerite  is  in  fi;rains  of  sntall  size.  On  contact  sur- 
faces as  developed  hy  removal  of  calcite  with  acid,  the  ^1ille^ 
ite  is  either  in  short  stout  prisms  loosely  implanted  on  the 
garnet  and  projecting  into  the  calcite  with  developed  terminal 
planes ;  or  it  is  in  long  and  relatively  slender  striated  prisms, 
which  lie  parallel  to  the  garnet  surface  and  adiiere  to  it  closely, 
being  bent,  twisted  and  contorted  in  extraordinary  fashion  as 
thongli,  after  formation,  the  crystals  had  been  pressed  down 


to  fit  all  the  irregnlarities  of  tlie  nneven  nndorlyine  STirface. 
Their  appearance  is  nniquc;  and  no  explanation  of  tneir  prob- 
able mode  of  formation  has  occnrred  to  ns.  So  soon  as  the 
millerite  passes  from  the  immediate  contact  zone,  and  is 
embedded  in  calcite,  the  crystals  are  free  from  these  extreme 
dislocations ;  the  long  prisms  are  sometimes  warped  and 
knicketl  by  pressure-twinning,  but  entirely  lose  the  crushed 
appearance  as  described  alK)ve.  Crystals  11, ay  be  seen  crushed 
and  twisted  where  they  lie  prone,  but  which  pass  into  the 
calcite  and  become  immediately  relatively  straight  and  plane- 
Kurfrtced.  The  millerite  crystals  in  the  calcite  reach  dimen- 
sidiis  quitt'  niiiiiiual  for  this  mineral.  Prisms  two  millimeters 
in  diuiricttT  and  four  centimeters  long  arc  ]>resent  among  our 
specimens.  They  jii-e  said  tn  rencii  a  length  of  eight  centi- 
meters iir  more  (thrue  ini'hcs).  These  prisms  are  generally 
sharply  trigonal  in  outline,  the  three  faces  liright  and  polished 
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and  the  angles  rounded  and  striated.  No  terminated  crystals 
of  this  type  were  found,  all  showing  terminal  planes  of  cleav- 
age only.  A  striking  and  hitherto  unknown  character  of  the 
mineral  was  first  seen  and  interpreted  on  one  of  the  triangular 
cleavage  fragments  shown  in  fig.  2.  Tliis  crystal  consists  of 
three  segments,  the  upper  and  lower  ones  parallel,  the  inter- 
mediate portion  in  twin  position  to  tlie  other  two,  a  face  of 
the   form  ^,  (01l2),  being  the  twinnhig  plane.      lOll/vlOlO 

(twin),  measured  21°  23%  calcnlated  21°  25'.  The  fornTof 
the  twin  suggested  that  it  might  he  due  to  the  presence  of  a 
gliding  plane  and  produced  by  pressure ;  and  experiment  soon 
showed  this  to  be  the  ease.  A  crystal  held  firmly  and  sub- 
jected  to  shearing  stress   can    be   offset   readily.     The   same 


result  may  be  obtained  by  placin^r  the  crystal  on  a  vieldiuir 
support,  and  pressing  upon  it  transyersely  with  a  knife-edire, 
in  which  case  a  fine  lamella  is  thrown  into  tvyin  position.  Ihe 
gliding  takes  place  with  c(jual  ease,  of  course,  parallel  to  each 
of  the  three  rhombohodron  planes.  With  yery  slender  crystals 
it  is  diflicult  to  produce  the  twiiinini^,  the  pressure  breaking 
the  brittle  substance  to  ])ieces,  and  this  probal)ly  accounts  for 
the  failure  to  recognize  this  remarkable  property  (►f  millerite 
hitherto.  Careful  tests  on  millerite  crystjils  from  a  number  of 
localities  were  uniformly  successful,  and  showed  it  to  be  a 
general  property  of  the  mineral.  In  yiew  of  the  ease  with 
which  this  gliding  twinning  can  be  obtained,  and  (►f  the  strik- 
ing effect  produced,  it  seems  that  millerite  should  take  equal 
rank  with  calcite  as  an  illustration  of  this  interesting  pheno- 
menon. 

Highly    perfect   cleavage    is   ])resent    parallel    to    the    unit 
rhombohedron,  ;•,  (lOll),  and  also  to  the  negative  rhombohe- 
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dron,  <?,  (01i2),  the  latter  identical  with  the  gliding  plane. 
Xo  difference  in  the  quality  of  the  two  cleavages  can  be 
detected,  and  planes  of  both  are  generally  produced  when  a 
crystal  is  broken.  No  indication  of  a  cleavage  parallel  to  a 
prism,  such  as  Laspeyres  found  in  millerite  derived  from 
beyrichite,  was  observed. 

The  Orford  millerite  is  characterized  bv  brilliant  metallic 
luster,  and  a  pale  brass-yellow  color  which  is  quite  constant  on 
all  planes  and  surfaces  of  the  mineral.  Laspeyres'  conclusion 
mentioned  above,  that  all  millerite  is  derived  from  beyrichite, 
a  conclusion  based  largely  on  an  observed  color  change,  finds 
absolutely  no  support  in  tliis  occurrence. 

No  analysis  of  the  millerite  was  made.  Careful  qualitative 
tests  for  copper  and  cobalt  gave  only  negative  results,  and  it 
is  probably  very  nearly  pure  nickel  sulphide. 

Crystallography, 

A  number  of  crystals  showing  natural  terminal  planes  were 
obtained  from  several  of  the  specimens  by  removal  of  calcite 
with  hydrochloric  acid.  In  the  majority  of  cases,  the  crystals 
were  attached  to  the  matrix  by  an  end  and  thus  showed  but  a 
single  termination ;  two  or  three  crystals  of  poor  quality 
were  found  which  were  attached  by  prism  faces  and  thus 
showed  both  terminations.  These  crystals  were  in  all  cases 
small,  from  2  to  5°*"  in  length,  and  from  0-l™°»  to  1""  in  dia- 
meter. In  habit  they  vary  from  slender  prisms  to  short  stubby 
crystals  of  diameter  equal  to  or  greater  than  their  length. 

In  all  thirty-two  crystals  were  measured.  Of  these  twenty- 
eight  were  measured  completely  in  the  two-circle  goniometer. 
Four  were  measured  for  special  angles. 

From  the  data  obtained  in  measurement,  the  following  forms 
were  established,  those  marked  with  a  star  being  new :  J,  (lOlO), 
a,  (1120),  k,  (2150),  d,  (7290*),  r,  (lOll),  ??,  (5052),  j^,  (0231*), 
8,  (2l3l*)  and  ?a,  (4l58*).  Doubtful  values  for  the  following 
forms  were  found.     These  need  confirmation  for  their  estab- 


onlv  forms  satisfactorily  established  which  we  did  not  find  on 
the  Orford  mineral  are  the  base  c,  (0001),  which  was  observed 
by  both  Miller  and  Laspeyres,  and  the  rhombohedron  e,  (0112) 
observed  by  the  latter. 

Measure  men  tvS  were  obtained  from  the  dominant  rhombo- 
liedrons  from  which  a  satisfactory  axial  ratio  could  be  calcu- 
lated. 
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Forr,  (lOll) 

10  readings,  very  good  signals,  average  value  of  p=20°  43 '-4 

11  "  good        "  "  "     p=20°42'-8 


(( 

<( 

(( 

(C 

u 

ii 

4         "  fair  "  "  "     p=20°  43'-5 

12  "  poor         "  "  "     p=20°4l'-5 

37         "  all  sorts        "  "  "     p=20°42'-6 

For  JO,  (0221) 
3  readings,  very  good  signals,  average  value  of  p=37°  07'  ^ 


6 

good 

« 

(( 

P  = 

:37° 

03' 

* 

6 

fair 

(( 

i( 

P= 

:37° 

07' 

i 

6 

poor 

(( 

<( 

P= 

:37° 

17' 

* 

12 

very  poor 

« 

« 

P= 

:37° 

12' 

i 

Mean  of  24 

selected 

« 

(( 

P= 

:37° 

09' 

0 

Mean  of  15 

best 

(( 

<<• 

P= 

:37° 

05' 

•8 

(The  word  selected  as  iised  above  means  tliat,  using  the 
averages  found  m  the  columns  above,  the  whole  number  of 
readings  whose  signals  were  very  good,  good  and  fair  was 
snmmed  with  half  the  number  of  readings  whose  signals  were 
poor  and  very  poor,  and  the  general  average  then  taken, 
weighted  in  this  manner  to  avoid  giving  undue  influence  to  the 
relatively  large  number  of  inferior  readings.) 

Using  the  formula  ji}p^y/Z  =  i2L\\  p  and  the  above  values,  we 
obtain, 

;>=1,     p  =  20°  42'-6,     79^  =  0-21828 
2?=2,     p  =  37°  ()5'-8,     7>^  =  0-21830. 

Taking  the  value  of  j9o=0'2183  we  have  from  the  relation 

c=^p^,     a  :  c=l  :  0-3274.       ' 

This  value  of  p^,  which  is  based  on  a  large  number  of  measure- 
ments, is  probably  to  be  given  preference  over  Miller's  value; 
it  is  exceedingly  near  the  value  of  p^  for  beyrichite  found  by 
Laspeyres. 

Found,  millerite  7?„=0*2183 

Miller  ''  ;>„=0-2197 

Laspeyres,  beyrichite        7>^=:0'2185 

Accordingly  a  table  of  angles  based  on   the  new  value  is 

1)re8ented  to  replace  that  given  in  Goldschmidt,  Winkeltabel- 
en,  p.  242.  It  contains  the  new  forms,  and  in  a  supplement 
those  doubtful  ones  not  yet  fully  established.  This  constitutes 
Table  I. 
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Table  I— Millertte. 
Hexaffoual.  Khombohedral-hemihedral. 

c=0  32745    i(/c=9-51514     /j/ao=0-72341     /o!po=9-33905    ao=.5-2895    j9o-0-2183.  (I 


u 

1  c 

2  h 

3  a 

4  A- 

5  d 

<   r 

^/> 
9  «• 

10  s 

11  )( 

I 
/ 

h 
t 

A' 

J 
I 


n 
o 

w 


j£     ;  Bravais. 


'>0. 


'/o. 


J?. 


or 

PriBms 

x:  y. 


!/. 


0 

<x 
odO 

40D 

Vat 


a 
t 

41 
-21 


2oc 


I 


0001 

ioio 
ir:»o 

21  HO 
7250 

lOll 
50.V> 
02!»1 
01 12 

21:11 
415:] 


0**  00' 

30  (K)'- 
0-00' 
10'r)3 
17   47 

30  00' 
30'  (M) 
:]0"  (M) 
30=  00 

10%53 


O'OO' 

90''  00 
90  00 
90  00 
90'  00' 

20°42'- 
43' 23 
37' 0(5 
10M2- 

4.")  00  • 
38"  00'- 


4i:»0  19  06 
V3C  9-4i:V0  12' 31 
V-OD    311311013M7' 


3 

-3 

4 

5 

-9 


30:11 
03.11 
4041 
5051 
09111 


'Sir  00 
30'  (H)' 
30'  00 
30'  (H)' 
30'  00' 


m    -18-28  018181  30"  00' 

6  2T-6  13   59 

7-4!r9  8^57" 

G174  22^  24 

42rH5  10"  53' 


i 

4    f 
H     5 


i 


90  00 
90  (H) 
90"  (H)' 

48  36  • 
48'36'- 
56  31- 
62' 07- 
73  37'- 
8r38'- 

2r  29' 
22   ()3'• 
3r47  • 
l2r4H" 


0^'  00' 

90  00' 

0^00' 

90=00' 

9(roo' 

10  42'- 

25'  18' 

20  42- 

5  24 

10  42'• 
10  42  • 

90^00' 
90  (K)' 
90  00 

29  3:j- 
29^  33  • 
87  06 
43"23'- 
59"  33'- 
73  37' 

5**  24' 
3  36- 

13^  18' 
4M9'- 


O'OO' 

90' 00' 
90^00' 
90=  00' 
90  00' 

18' 08' 
39^  18'- 
33^  13' 
.  9^  18' 

44  29'. 
2S  37  . 

90  00' 
90'  00' 
90  00' 

W  29'- 
44  29  • 
52' 38- 
58=  35 
7r  15- 
80'  22' 

20' 54'- 
21  48'- 
29  49 
21' 27 


0"00' 

80  00' 

O'OO' 

10"  53' 

17M7' 

10^  11' 

20^  05' 

17'  88' 

5  20' 

7  41' 
9  25 

19' 06'- 
12' 81' 
13'  17; 

22  or- 
22'  or- 

24^  39 
26^  14' 
28'  40' 
29  41  • 

5'  03' 
3'21  • 
ir35' 
4  01'- 


OMK)' 

60=^  00'  6 
90^00' 
79'  06'-  0 
72' 13'  0 

17' 50'  0 

36'  30'-  0 

3r  29'  0 

9'  15'-  0 

43' 59  0 
28'  12'-  0 

70r'"58'-  0 
77'  28'-  0 
76'  42'.  0 

40' 31'  0 
40'  31'  0 
46' 15'  0 
49' 57'  0 
56' 11'  I 
59'  02^  8 

26-44'-  0 
2r46'-0 
29'  09'  0 
21  23'-  0 


0 

5773 
0 

1924 
3207 

1890- 
4726 
3781 
0945 

1890- 
1890- 

3464 
2220 
2361 

5671* 

5671  • 

7562 

9452 

7014- 

4030 

0945 
0630 
2863 
0756 


0 

OD 
QC 
OC 

oc 

0-3274- 
0-8186 
0-6544 
0-1634 

0-9823- 
0-5457 

OD 
00 
00 

0-9823- 

0-9823- 

1-8098 

1-6372 

2-9470 

5-8940 

6-8820 
0-4002 
0-5780 
0-8929 


Table  II  shows  the  character  of  the  combinations  observed 
on  the  measured  crystals,  the  numbers  under  each  letter  indi- 
cating the  number  of  faces  of  that  form  found  on  the  given 
crvstal. 


Table 

II 

• 

h 

(1 

k 

d 

r 

P           r 

8 

V 

A 

6 

1 

• 

• 

2 

•                        i 

• 

1 

6 

• 

1 

1 

1 

1 

»                                 • 

o 

0 

o 

3 

•> 

o 

1 

6 

3 

0 

o 

1 

2 

3 

3 

1           • 

4 

G 

2 

m 

2 

3 

• 

6 

3 

1 

• 

« 

3 

1 

1 

0 

4 

• 

• 

• 

3 

3 

1                    • 

i 

0 

0 

o 

• 

3 

• 

3 

8 

0 

• 

• 

• 

3 

3 

i                     • 

0 

ti 

4 

• 

4 

3 

3 

1 
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h 

a 

k 

d 

r 

2^ 

12 

6 

4 

1 

3 

• 

13 

6 

2 

• 

• 

14 

4 

• 

3 

15 

X 

X 

1* 

16 

4 

3 

3 

17 

3 

3 

3 

18 

i\ 

3 

3 

19 

1 

1 

3 

1 

20 

I 

3 

3 

21 

1 

3 

3 

22 

• 

3 

• 

23 

o 

1 

• 

24 

0 

1 

3 

25 

i> 

>j 

1* 

26 

3 

I 

• 

27 

3 

1* 

• 

30 

2 

3 

• 

31 

• 

X* 

• 

t^  8  U 


1 
X 


»> 


3 


2 

4 


(The  star  indicates  tliat  tlio  cryj^tal  was  doubly  terminated,  but 
the  faces  on  one  end  only  are  given.) 

The  forms  niav  be  characterized  as  follows : 

ft' 

Prisms. 

The  prisms  usually  show  a  triangular  cross-section  with 
rounded  corners,  but  sometimes  the  cross-section  is  nearly  cir- 
cular. This  is  due  in  part  to  the  development  of  three  or  four 
prisms,  partly  or  completely,  and  in  part  to  the  oscillatorv 
combination  of  these  prisms.  The  prism  zone  is  badly  striated 
ill  its  length  from  this  cause  an<l  in  measurement  yields  signals 
every  few  degrees. 

J,  (lOlO).  Twenty-four  out  of  the  twenty-eight  crystals 
which  were  measured  svstematicallv  showed  faces  of  the  first 
order  prisms,  and  eleven  (►f  these  showed  all  its  faces.  It  is 
easily  the  dominant  form  on  the  mineral,  and  it  is  the  least 
striated  of  any  prism.  in  most  cases  it  was  developed 
triffonallv. 

a^  (1120).     The  second   order  ])rism    was   also  undoubtedly 

iiresent  on   nine  crystals,   although   but  one   had   every   face, 
[t*  faces  when  large  were  considerably  >triated. 

Z*,  (21.^0).  This  known  prism  was  found  developed  incom- 
pletely, but  none  the  less  surely  ow  four  crystals.  Its  faces 
were  narrow  and  poorly  characterized. 

rf,  (72^0).  This  new  prism  was  found  developed  incom- 
pletely on  seven  crystals,  and  the  data  establishing  it  are  given 
m  full  in  the  following  table : 
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1 

vvry  poor 

10°  48 

very  poor 

17°  -lO 

a 

very  i»oor 

17°  33 

3 

poor 

17°  .18 

:t 

poor 

17°  59 

4 

good 

17°  47' 

4 

very  goo<l 

i7''5r 

0 

fair 

17°  11' 

9 

good 

17°  42 

0 

poor 

ltt°  25 

9 

fair 

18"  26 

12 

vi-ry  poor 

17°  45 

10 

fair 

16°  48 

Average 

fair  to  (wor 

17°  47 

Calculated 

17°  47 

Tlie  calculated  value  of  0  for  tliic  form  is  curionsly  in  esapt 
agreement  with  the  ineau  of  the  iiieasiii'cineiitE.     So,  although 


this  prucisc  ii^rrfciiicTit  ir!  of  (■■mrsi'  more  chance,  it  is  rear 
ein>iis;!i  t'>  f'stiiMisli  tlir  foriti  and  tlicri'  ai-c  faces  erou^jh,  well 
(ii-rnl>iitc(l  arrnHiir  flic  (■rv.-rilI^.  to  ciniHrm  it.  Its  faces  are 
iiMrri.w  uiLii  i|iiitc  iii'iistiiij;iiislial)lc  frmti  the  oscillation  plaucj^ 
Willi  whicli  it  U  ass,H-iiitfil. 
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Rhomhohedrons. 

These  are  the  chief  terminating  faces  whether  tliey  occnr  as 
cleavage  or  as  crystal  planes.  The  faces,  when  crystal  planes, 
are  not  very  bright,  although  the  markings  and  roughnesses 
which  make  them  dull  are  never  well  characterized. 

r,  (lOll).  The  unit  rhouibohedron  was  found  on  all  but 
two  of  the  measured  crystals.  In  a  very  few  instances  it  was 
certainly  cleavage ;  and  in  a  few  cases  it  was  impossible  to  say 
whether  cleavage  or  natural  growth  had  produced  the  facet. 
It  was  developed  in  relatively  large  and  perfect  facets,  con- 
stituting the  dominant  terminating  form.  While  not  always 
of  goodi  reflecting  quality,  the  faces  were  usually  definite  and 
exhibited  no  definitf\  markings. 

p^  (0221).  Next  to  r  the  new  rhombohedron  p  is  best 
developed  as  a  termination.  It  ls  not  found  as  cleavage.  It 
occurs  in  rather  large  faces  of  dull  reflecting  power  for  the 
most  part.  It  is  missing  from  nine  crystals  only  out  of  the 
twenty-eight  measured,  occurring,  therefore,  with  less  fre- 
quency than  r.  No  definite  markings  were  seen  on  its  faces. 
The  observations  on  which  it  is  based  are  stated  in  summary 
form  on  p.  349. 

t",  (5052).  This  rhombohedron,  noted  by  Miller  in  his  first 
paper,  but  omitted  from  his  Mineralogy,  occurs  on  five  of  the 
crystals,  three  of  them,  singly  terminated,  showing  two  faces 
each.     The  measurements  on  which  the  form  is  based  follow. 

Crystal.  Signal. 

16  good 

16  good 
18      very  good 

20  poor 

20  good 

21  fair 
21  good 
24  fair 

Average    very  good  to  fair 
Calculated 

Scalen  oh  edron  s. 

These  forms  are  entirely  new  to  millerite.  They  are  pres- 
ent on  the  Orford  mineral  as  small  but  distinct  facets  on  over 
half  the  crystals  measured.  The  faces  are  fairly  bright,  yield- 
ing good  images,  and  for  the  most  part  they  are  not  pitted  or 
striated. 

8,  (2l3l).  This  sciilenohedron  occurs  on  two  singly  termi- 
nated crystals,  in  one  case  five  of  its  faces  being  present.  The 
measurements  which  establish  it  are  given  below. 

*  ^1  is  the  value  of  ^  referred  to  the  first  sextant  on  the  right,  that  is,  the 
diiference  between  ^  and  the  nearest  multiple  of  GO"*. 
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r 

-Readings.- 

■> 

<t> 

^.* 

P 

i>9°  39' 

29°  39' 

44°  03' 

149°  41' 

29°' 41' 

43°  57' 

I49°  19' 

29°  19' 

43°  23' 

30''  42' 

30°  42' 

43°  33' 

loO°  07' 

30°  07' 

43°  25' 

29°  52' 

29°  52' 

43°  24' 

l50°  10' 

30°  10' 

43°  25' 

89°  31' 

29°  31' 

43°  51' 

29°  53' 

43°  39' 

30°  00' 

43°  23'- 
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r«tal. 

Signal. 

-Beadinga.- 

\ 

> 

*x 

P 

19 

fair 

11° 

18' 

11° 

13' 

44° 

59' 

19 

very  poor 

49° 

08' 

10° 

67' 

44° 

59' 

19 

good 

1 80° 

56' 

10° 

56' 

46° 

or 

19 

good 

169° 

06' 

10° 

54' 

46° 

or 

19 

very  poor 

1 09° 

10' 

10° 

50' 

45° 

or 

22 

fair 

49° 

24' 

10° 

36' 

44° 

65' 

22 

fair 

131° 

16' 

11° 

16' 

46° 

00' 

22 

poor 

1 69° 

29' 

10° 

31' 

45° 

00' 

Mean  of  8 

10° 

54' 

44° 

59'-6 

Calculated 

10° 

53'- 

45° 

00'- 

The  form  is  seen  to  be  well  established  by  these  results. 

?/,  (1153).  This  sealenohedron  occurs  on  ten  crystals,  in 
two  cases  all  its  faces  being  present.  The  faces,  however,  are 
not  very  bright.  They  are  rough  and  pitted  for  the  most  part 
and  the  images  are  onfy  fair.     The  data  follow. 

This  sealenohedron  and  the  uncertain  ones,  ;i,  {?,  q  and  tr,  lie 
in  the  zone  with  the  rhombohedrons  r  and  p^  and  their  fac« 

irenerally  appear    as  striations  or   roundings  of    the  edgei 
)etvveen  r  and  j!>,  or  as  shown  in  figure  4,  without  p. 


rystol. 

Signal. 

f 

-ReaningB. 

-\ 

^ 

^i 

P 

2 

extremely  poor 

20°  02 

'  20°  02 

'  30°  07' 

o 

fair 

40°  23 

'   19°  37 

'  30°  33' 

2 

good 

139°  21 

'  19°  21 

'  30°  03' 

2 

good 

160°  57 

'  19°  08' 

'   30°  or 

2 

extremely  poor 

101°  08 

'  18°  62' 

'  30°  or 

2 

very  poor 

78°  14 

'  18°  14 

'  30°  01' 

4 

very  poor 

40°  33 

'     19°  27' 

'  30°  11' 

4 

extremely  poor 

139°  42 

'  19°  42' 

30°  11' 

4 

extremely  poor 

160°  26' 

'   19°  34' 

30°  11' 

4 

extremely  poor 

I00°  00' 

'  20°  00' 

30°  11' 

4 

extremely  poor 

80°  05' 

20°  05' 

30°  11' 

4 

extremely  poor 

20°  37' 

20°  37' 

30°  11' 

5 

very  poor 

141°  36' 

'  21°  36' 

30°  40' 

7 

extremely  poor 

138°  41' 

'  18°  41' 

30°  40' 

^ 
i 

extremely  poor 

161°  25' 

18°  36' 

30°  40' 

extremely  poor 

79°  32' 

'     19°  32' 

30°  40' 

9 

poor 

SD°  62' 

20°  08' 

30°  42' 

19 

very  poor 

159°  51' 

'     20°  09' 

30°  45' 

26 

poor 

41°  20' 

18°  40' 

30°  00' 

26 

very  poor 

18°  51' 

18°  61' 

29°  49' 

27 

poor 

41°  07' 

18°  53' 

29°  42' 

27 

poor 

100°  12' 

19°  48' 

29°  42' 

27 

very  poor 

161°  48' 

18°  12' 

29°  42' 

27 

very  poor 

138°  38' 

18°  38' 

29°  42' 

Mean*  of  all  (24) 

19°  24' 

•  30°  04' 

Mean  of  best 

19°  05' 

30°  07' 

Calculated 

19°  06' 

30°  00'- 
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Doubtful  Forms. 

The  following  forms,  for  one  reason  or  another,  given  in 
detail  under  each  form,  are  presented  as  possibly  present  on 
the  species,  but  not  as  established  beyond  cavil. 

iy  (41 SO).  This  form  was  reported  by  Laspeyres,  but  not 
very  well  established  by  his  measurements.  We  obtained  poor 
measurements  partly  confirming  it,  but  the  form  is  still  in 
doubt,  neither  liis  measurements  nor  ours  being  good  enough 
to  certify  it.     Our  measurements  follow. 

Crystal.  Signal.  Reading. 

0 
2  extremely  poor  18°  52' 

2  extremely  poor  18°  58' 

2  poor  19°  01' 

Average  very  poor  18°  57' 

Calculated  19°  06''4 

The  agreement  of  our  measurements  with  the  calculations 
is  better  than  that  of  Laspeyres's  measurements,  but  the  faces 
noted  were  all  on  one  crystal,  and  two  of  them  were  very 
doubtful. 

f  (9'4'i3'Q).     This  prism  is  new  and  the  measurements  on 
wnich  it  is  based  follow. 

Crystal.  Signal.  Reading. 

0 


fair  12°  26' 


12  poor  12°  29' 

14  verv  crood  12°  29' 

Average  fair  to  good  12°  28' 

Calculated  12°  31 '2. 

The  agreement  is  close  enough  to  establish  the  form,  but 
the  faces  are  few  in  immber,  though  well  distributed.  The 
signals,  however,  are  good,  and  in  the  case  of  crystal  14,  at 
least,  the  reading  corresponds  to  a  definite  face  of  good  quality 
which  can  be  seen  in  the  goniometer.  In  this  respect  the  face 
differs  from  most  of  the  oscillation  planes  and,  moreover,  it  is 
phiced  very  close  to  its  computed  position.  Therefore  the 
form  Ls  regarded  as  probable,  l)ut  contirmation  is  necessary. 

<7,  (31*13'}J*0).  This  prism,  so  far  as  our  measurements  go, 
is  better  established  than  the  form  ?',  and  so  is  given,  but  it 
has  complex  indices  and  altogether  is  a  doubtful  form. 

Crystal.  Signal. 


2 

extremely  poor 

8 

extremely  poor 

14 

good 

Average 

poor 

Calculated 

lead 

inire. 

< 

p 

13° 

11' 

13° 

22' 

13° 

19' 

13° 

17'-3. 

13° 

17' 
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Besides  the  signals  reflected  from  faces  of  these  forms  which 
are  more  or  less  well  established,  there  were  read,  in  the  prism 
zone,  signals  reflected  from  faces  in  thirty-two  positiong 
(reduced  to  the  positive  sextant)  which  corresponded  more  or 
less  well  to  prisms  of  complex  indices.  For  the  most  part 
only  one  face  of  each  of  these  forms  was  seen,  and  the  signals 
were  generally  of  very  poor  quality.  These  facts  together 
with  tue  complexity  of  the  indices  deduced,  and  the  certainty 
of  the  occurrence  of  oscilhition-vicinals  whose  signals  corre- 
spond to  no  prism  however  complex,  render  the  establishment 
of  any  of  them  very  doubtful.  Therefore  all  are  rejected  and 
none  of  the  data  is  published. 

Doubtful  Rhomhohedrona, 

t^  (0331).  This  rhombohedron  was  reported  by  Miller  on 
the  strength  of  a  contact  measurement  on  a  rough  terminated 
crystal.  We  can  not  confirm  the  form,  but  one  face  on  one 
crystal  was  found  approximating  to  its  position.  % 


Crystal. 

Signal. 

Readings. 

*              P 
30°  00'     48°  56' 

30°  00'     48°  36' 

24 
Calculated 

very  poor 

A,  (303l).  This  rhombohedron  is  new  and  very  doubtful, 
relying  for  its  establishment  on  two  measurements  on  two 
different  crystals. 


Crystal. 

Signal. 

Readings. 

J              p 

80°  00'     48°  42' 

150°  00'     48°  10' 

30°  00'     48°  26' 

30°            48°  36' 

23 

24 
Mean 
Calculated 

very  poor 
fair 
poor 

The  form  is  therefore  certainly  indicated,  but  by  no  means 
established. 

a?,  (40Jl).  This  form  also  is  new  and  rests  on  a  single 
measurement  whose  signal  was  of  fair  quality.  The  measured 
value  for  p  was  56°  34' ;  the  calculated  value  of  /a  is  =  56° 
31'49'' ;  apparently  the  form  only  lacks  the  finding  of  more 
faces  to  establish  it. 

y,  (505l).     One  face  only  supports  this  form. 

Crystal.  Signal.  Readings. 

^  P 

23  poor  29°  46'     62°  26' 

Calculated  30°  00'     62°  Of 

Ij  (OOrU).     Only  one  face  of  this  form  was  found.     This 
gave  a  fair  signal  showing  a  definite  face. 
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CryBtal.  Signal.  Readings. 

25  fair  29°  26'     73°  05' 

Calculated  30°  00'     73°  37' 

rriy  (0*18'I8'1).     Only  one  face  of  this  form  was  found  which 
yielded  two  signals  of  fair  quality. 

Crystal.  Signal.  Readings. 

0  P 

24  fair  30°  00'     82°  32' 

24  30°  00'     80°  20' 

Calculated  30°  00'     81°  38'- 

No  stress  is  laid  on  the  probability  of  the  occurrence  of  I 
and  m.     The  faces  were  plainly  visible  in  both  cases. 

Doubtful  Sealenohedrona. 

71,  (5276).     This  form  was  found  on  three  crystals,  in  one 
case  four  of  its  faces  being  present.     The  data  follow : 


Crystal. 

Signal. 

■Readings.  - 

0 

<Pi 

P 

O 

good 

104°  52' 

15°  08' 

21°  18' 

5 

poor 

133°  21' 

13°  21' 

21°  18' 

8 

poor 

l33°  14' 

13°  14' 

21°  22' 

8 

46°  39' 

13°  21' 

21°  22' 

8 

73°  or 

13°  01' 

21°  22' 

8 

very  poor 

Ir>6°  45' 

13°  15' 

21°  22' 

14 

poor 

!G7°  14' 

1-2°  40' 

21°  26' 

Mean 

poor 

13°  26''5  21°  21' 

Calculated 

13°  54' 

21°  29' 

Although  we  have  left  the  form  in  doubt  it  is  clear  that  it  is 
more  than  indicated.  The  agreement  of  measurements  with 
calculations  is  only  fair,  but  there  are  many  faces  well  distrib- 
uted. 

^.  o,  (7  •  4  •  II  •  9).  This  form  was  found  on  three  crystals,  in 
one  case  four  faces  being  present.    The  data  are  given  in  full : 

Crystal.  Signal.  , Readings. v 


9  <>i  P 

5  poor  8''  52'        8°  52'  22°  03' 

5  very  ])Oor  50°  58'       9°  02'  22®  00' 

8  extremelv  poor  t°  30'       7°  30'  21°  22' 

18  poor  9°  51'       9°  51'  21°  19' 

18  extremely  poor     171°  40'       8°  20'  21°  51' 

18  "  128°  24'        8°  24'  21°  30' 

18  poor  40°  40'     10°  14'  21°  09' 

Mean  very  poor  8°  53'  21°  37' 

Calculated  8°  57'  22°  03' 

This  form,  therefore,  is  not  to  be  rejected  without  consideration 
although  the  data  cannot  be  said  to  establish  it. 
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J,  (8174).  This  form  rests  on  two  readings  made  on  a  single 
crystal.  This  crystal  was  the  richest  in  forms  of  any  measuml. 
The  agreement  is  not  very  bad.    The  form  is  at  least  indicated. 


Crystal.  Signal.  , Readings.- 


2 

poor 

2 
Mean 
Calcnlated 

very  poor 
poor 

^  ^1  p 

S:J°  06'  28°  06'  32**  00' 

S7°  33'  22°  27'  32°  00' 

22°  46'  32°  00' 

22°  24'  31°  47' 


Wy  (4265).  Only  one  reading  supports  this  form.  It  in  con- 
sequence is  very  doubtful. 

Crystal.  Signal. Readings. ^ 

5                             fair                   70°  26'     10^*26'     21°  47' 
Calculated  10°  53'     21°  48' 

Rhunie. 

The  Orford  millerite  has  yielded  a  number  of  terminated, 
measureable  crystals  from  which  the  new  axial  ratio  «  :  c  = 
1  :  0*2183  is  calculated.  In  addition  to  the  forms  previously 
known,  one  new  prism,  two  rhombohedrons  and  two  scaleno- 
hedrons  are  definitely  established  and  a  number  of  uncertain 
forms  observed  but  not  established. 

The  presence  of  a  gliding  plane  parallel  to  the  n^ative 
rhombohedron,  along  which  pressure  twins  of  great  per^tion 
can  be  easilv  obtained,  is  also  determined. 

Millerite  has  been  thought  to  be  hemimorphic  like  the  nearly 
related  cadmium  sulphide,  greenockite,  and  has  been  so  classi- 
fied by  Groth.  The  sharply  defined  trigonal  character  of  many 
of  the  prisms  of  Orford  millerite  seem  to  give  some  basis  for 
this  assumption  ;  and  doubly  terminated  crystals  were  therefore 
eagerly  sought  for  in  the  hope  that  the  question  might  be  settled 
by  definite  observations.  A  few  crystals  doubly  terminated  were 
found  but  they  were  poor  crystals  and  so  far  as  measurements 
could  be  made  upon  them  showed  no  unlikeness  between  the 
two  ends.  Our  evidence  on  this  matter  is  therefore  not  con- 
clusive. 

On  the  surface  of  a  single  hand  specimen  of  very  rich  green 
chrome  garnet  which  was  originally  covered  with  a  thin  layer 
of  calcite,  there  appeared  on  the  removal  of  the  latter  with  acid 
a  number  of  tiny  clusters  of  crystals  of  a  gray  to  white  metallic 
mineral  which  seem  to  be  ranimelsbergite,  an  arsenide  of  nickel. 
Tiie  crystals  are  minute  and  invariably  so  deeply  striated  that 
no  satisfactorv  measurements  could  be  obtained.  Still  inasmuch 
as  this  mineral  has  never  been  found  before  in  crystals  that  per- 
mitted of  measurement  except  in  one  zone,  a  number  of  the 
crystals  were  studied  carefully  and  a  provisional  axial  ratio  was 
calculated  for  the  si)ecies.     It  was  found  to  be  like  the  other 
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members  of  the  marcasite  group  in  habit  and  the  flat  dome 
which  was  found  on  all  measured  crystals  was  taken  by  analogy 
with  arsenopyrite  as  the  brachydome  (014).  The  prism  zone 
was  so  deeply  striated  tliat  no  reliance  could  be  placed  on  the 
readings  made  from  it ;  but  an  orthodome  was  found  on  nearly 
all  the  crystals  very  faintly  developed  but  which  gave  fairly 
unifonn  readings  for  p.  This  was  taken  as  (102),  a  choice  that 
gave  the  simplest  indices  for  the  prism  forms  and  a  ratio  most 
nearly  like  that  of  the  other  members  of  the  group,  although 
differing  widely  from  any  of  them.     The  observations  follow : 

RammelsheryiU  ?. 

Oi  av.  of  7,     4>=    0°  00',     p  =  16°  06' )/>,  =  S-OlVe 
\0  av.  of  4,     <t>  =  90°  00',     p  =^  45°  15'  )  q,  =  1-1545 

a:b:c  =  0*57222  :  1  :  1-1545 


F 

orm. 

Calculated. 

Measured. 

No.  of 

G. 

miler 

< 

P 

p 

< 

P 

P 

» 

observationa. 

0  OD 

010 

00° 

00' 

90° 

00' 

00° 

00' 

90° 

00' 

6 

00 

110 

60° 

13' 

90° 

00' 

60° 

44' 

90° 

00' 

3 

cx)2 

120 

74° 

02' 

90° 

00' 

74° 

26' 

90° 

00' 

4 

2  00 

210 

41° 

09' 

90° 

00' 

42° 

30' 

90° 

oo' 

2 

*>i 

014 

00° 

00' 

16° 

06' 

00° 

00' 

16° 

06' 

^ 
/ 

oi 

013 

00° 

00' 

21° 

03' 

00° 

00' 

20° 

30' 

2 

H 

012 

00° 

00' 

29° 

59' 

00° 

00' 

29° 

45' 

1 

02 

021 

00° 

00' 

66° 

35' 

00° 

00' 

66° 

50' 

1 

^0 

102 

90° 

00' 

45° 

15' 

90° 

00' 

45° 

15' 

4 

The  amount  of  the  mineral  present  on  our  specimens  was  so 
small  that  sufficient  for  analysis  could  not  be  secured.  Its 
doubtful  determination  as  rauimelsbergite  is  based  on  blow- 
pipe reactions  for  arsenic  and  nickel  obtained  on  minute  crystals. 
No  test  for  sulphur  could  be  obtained.  It  is  hoped  that  more 
and  better  material  may  ultimately  be  obtained  which  will 
enable  the  character  of  this  mineral  to  be  detinitely  established. 

EXPLANATION   OF   THE   FIGURES. 

Fig  1  shows  a  photograph  of  a  specimeu  from  which  calcite  has  been  partly 
removed  by  solution  in  liydrochloric  acid.  Several  larj^e  Rtrui^ht  priams  of 
the  mlUerite  may  be  seen  still  partly  embedded  in  the  calcite.  On  the  surface 
of  the  pyroxene  matrix  may  be  seen  several  smaller  broken  and  twisted 
millerite  crystals. 

Fig.  2  shows  a  twin  crystal  produced  by  pressure,  twinned  parallel  to  the 
rhombohedron  e,  (01 12).-  The  upper  termination  is  formed  by  single  planes 
of  the  two  cleavages,  parallel  t^)  r  and  e  ;  the  lower  termination  is  by  a  single 
plane  of  the  r  cleavage. 

Fig.  3  shows  in  plan  and  perspective  the  commonest  type  of  crystal  found. 
The  proportions  of  the  rhombohedrons  may  vary  but  some  or  all  of  the  faces 
of  the  three  are  generally  found. 

Fig.  4  and  Fig.  5  show  the  mode  in  which  the  scalenohedrons  occur  in 
combination.  Of  these  forms  u  is  much  the  more  frequent,  s  having  been 
obaerved  on  but  two  crystals. 

Harvard  Mineralogical  Laboratorv, 
June  1904. 
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Abt.  XXXVTII. —  Unconfoj*mity  of  the  Cretaceous  on  Older 
Rocks  171  Central  New  Mexico  ;  by  Charles  R.  Keyes. 

In  New  Mexico  Cretaceous  sedimentation  is  enormoaslT 
developed.  The  total  thickness  of  the  strata  referable  to  this 
age  cannot  be  less  than  7000  feet. 

In  eastern  New  Mexico  and  Texas  the  sequence  of  the  Cre- 
taceous formations  is  quite  complete.  Both  the  Lower  Creta- 
ceous and  the  Upper  Cretaceous  are  well  represented.  Below 
are  the  "Red  Beds,"  probably  composed  partly  of  Triassic 
sandstones  and  shales  and  partly  of  Carboniferous  layers  of 
similar  lithologic  characters.  These  attain  a  thickness  of  2000 
feet  and  upwards.  Then  below  all  these  are  the  great  Carbon- 
iferous limestones,  which  are  about  2000  feet  thick  and  which 
form  the  backslopes  of  most  of  the  block  mountains  of  the 
Basin  region.  Tlie  generalized  geological  section  for  New 
Mexico  may  be  tabulated  as  follows : 


Ages. 

Systems. 
Quaternary 

Thickness. 

Formations. 

Bocks. 

Cenozoic 

200 

200  ~ 
800 

2000 
J  600 

800 

400 

800 

"    1000 

1000 
300 
300 
200 

200 

400 

300 

Galisteo 
Pnerco 

Laramie 

Montana 

Colorado 

Dakota 

Comanche 

Cimarron 

Bernalillo 
Madera 
Sandia 
Lake  Valley 

Chloride 

Pinos  Altos 

Tonto 

Chuar 
Grand  *Can  yon 
Vishnu 

Gravels 

Tertiary 

Sandstones 
Clays 

Mesozoic 

Cretaceous 

Sandstones 
Shales 
Shales 
Sandstones 

Sandstones 

Triassic 

Carboniferous 

Devonian 
Ordovician 

Shales 

Paleozoic 

Shales 
Limestones 
Limestones 
Limestones 

Limestones 

liimestones 

Cambrian 

Algonkian 

Archean 

Sandstones 

Azoic 

300 

1000 

500 

2000 

Shales 

Sandstones 

Quartzites 

Schists 

Tlie  relationships  of  the  Cretaceous  system  to  the  other 
formations,  as  displayed  in  central  New  Mexico,  have  long 
been  a  puzzle.  Thrungliout  tlie  region  the  Red  Beds  consti- 
tute a  conspicuous  and   important  formation.     Owing,  how- 
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ever,  to  the  peenliar  position  they  occupy  when  well  exposed 
on  the  lower  backslopes  of  tlie  block  mountains,  witii  tlie  Cre- 
taceons  coming  in  immediately,  tbe  exact  disposition  of  the 
two  great  formations  is  seldom  clearly  discernible.  Then,  too, 
at  the  bases  of  mountains  vast  plains  stretch  away,  which  are 
deeply  covered  by  gravels,  sands  and  clays  washed  down  from 
the  higher  elevations,  and  wliicli  cover  effectually  all  traces  of 
the  indurated  rocks  beueatli,  "VVliile  these  underlying  rocks 
nanallj  are  more  or  less  highly  inclined,  they  have  been  com- 
pletely bevelled  off  to  a  surface  that  is  as  even  and  level  as 
the  plains  themselves. 

Tnat  the  Cretaceous  rocks  in  centra!  New  Mexico  rest 
imconformably  on  the  older  formations  has  been  for  some  time 
sarmised.  The  ditKciiity  has  been  to  obtain  indisputable  evi- 
dence in  support  of  this  hypothesis.  This  proof  has  lately 
been  secured  ;  and  the  facts  are  of  exceptional  interest. 


Fid.  1.     Cretaceous  and  Red  Beds  at  Tejon,  New  Jleiico. 

In  a  number  of  instances  the  Cretaceous  sandstones  have 
been  found  to  repose  apparently  in  ])erfeet  conformity  upon 
the  Carboniferous  limestones.  There  is  no  evidence  whatever 
of  the  existence  of  the  great  thickness  of  Ked  lieils  between 
sandstone  and  limestone.  If  the  Ked  Beils  ever  existed  there 
they  were  swept  cleanly  away  fi-om  tJie  surface  of  the  lime- 
rock.  But  the  bedding  planes  of  the  Carboniferous  and  Cre- 
taceous formations  were  to  all  appearances  parallel. 

East  of  the  Saniiia  Mountains  the  Cretaceous  deposits  extend 
almost  uninterruptediv  to  the  Texas  line.  At  the  north  end 
of  the  range  where  tfie  hackslope  of  Carboniferous  limestone 
begins  to  sink  under  the  plains,  a  small  stream  has  cut  deeply 
through  the  Cretaceous  sandstones  into  the  Jted  Beds  beneath. 
At  this  place  the  Ked  Beds  are  standing  on  end,  while  the  yel- 
low Cretaceous  beds  are  lying  very  nearly  horizontally.  I'he 
relationships  are  best  indicated  by  diagram  (figure  1). 
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A  etill  more  instructive  section  is  displaj'ed  in  the  canrong 
cutting  the  Cliti|)adeni  Meisa,  5o  miles  east  of  Socorro.  *Tlie 
Burfacc  rock  of  the  great  mesa  is  horizontally  disposed  Cre- 
taceous sandstone,  rather  massively  liedded  and  vellowish  in 
color.  The  disscctint;  canvons  are  300  to  400  feet  deep.  Thev 
disclo^  tlie  blue  Carboniferoos  limestones  in  many  places.  A 
number  of  enormous  dikes  of  gray  trachyte  traverse  tbe  dis- 
trict where  the  limestones  arc  displayed.  Along  these  dike« 
are  large  deposits  of  iron  ore.  On  either  side  of  the  dike  the 
limestone  is  abrui)tly  upturned,  often  nearly  to  a  vertical  atti- 
tude.    The  cross-section  is  shown  in  the  subjoined  cat  (figare  2). 


Fio.  2 


nDconfoTinity  of  CretaceonB  on  Carboniferoiu. 


At  this  particular  point  the  Cretaceous  beds  repose  horizon- 
tally, while  in  a  distance  of  a  thousand  feet  the  Carboniferous 
limestones  change  in  dip  from  horizontal  to  vertical.  The 
dike  is  200  feet  tliick.  The  iron  ore  on  either  side  is  of  vary- 
ing thickness,  and  tills  the  jagged  edges  of  the  broken  lime- 
stone. 

With  the  recognition  of  an  enormous  erosion  interval  in 
central  Xew  Mexico  prior  to  tho  deposition  of  the  Cretaceous 
sandstones,  the  working  out  of  the  geology  of  tiie  region  is 
greatly  t-impliticd.  Many  hitherto  iue.xplicable  pheuomena 
now  find  easy  solution.  The  Cretaceous  of  the  region  is  all 
Upper  Cretaceous.  Nowhere  have  the  Lower  Cretaceous  beds 
been  ftuiiid. 

The   dunition   of   the   erosion   hiterval    was  thus  probably 
e<|uivalent  to   the  sedimcntatiun  period  of  the  entire  Lower 
Crotuceous  of  tho  TeXiiH  aresi, 
Nvw  MBXiFO  School  of  Uiiiea,  Socorro,  Angnst  30, 1S04. 
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Art.  XXXIX. — A  Peculiar  Occurrence  of  Bitumen  and  Evi- 
dence as  to  its  Origin;  by  Wm.  Conger  Morgan  and 
Marion  Clover  Tallmon.     (With  Plates  XYIIl  and  XIX.) 

Summary. 

The  following  is  a  description  and  an  account  of  the  exam- 
ination of  a  fossil  egg  from  Arizona.  AVhen  discovered  it  was 
enclosed  in  a  limestone  matrix  which  has  kept  the  specimen  in 
a  very  fine  state  of  preservation.  Crystallized  colemanite  and 
a  tarry  material  resembling  natural  asphalts  are  found  within 
the  eggshell.  All  the  evidence  w^hich  can  be  collected  from 
the  specimen  indicates  that  the  asphalt-like  substance  is  part 
of  the  original  contents  of  the  egg  which  has  become  bitumized. 


Introduction, 

Very  few  instances  of  the  occurrence  of  eggs  in  the  fossil 
state  have  been  recorded.  The  fossil  eggs  of  New  Zealand 
birds  are  only  shells  which  have  been  preserved  by  reason  of 
their  thickness  and  strength.  The  Chelo?iian  eggs  of  Tertiary 
age  from  Auvergne,  France,  are  simply  shells  tilled  with  har- 
dened mud.  An  interesting  fossil  e^or^  from  the  American 
Miocene  has  been  described  l)y  Mr.  Oliver  C.  Farrington,*  and 
has  been  considered  the  egg  of  a  duck. 

The  specimen  described  in  this  paper  was  brought  to  the 
attention  of  Professor  John  C.  Morriam  some  months  ago  by 
Mr.  G.  A.  Helmore  of  San  Francisco.  It  had  been  in  Mr. 
Helmore's  possession  for  some  years,  and  was  obtained  by  him 
from  a  prospector  who  found  it  in  a  large  pebble  embedded  in 
placer  gravels  on  the  Gila  River  in  xVrizona.  Mr.  Ilelmore, 
being  unwilling  to  part  with  the  specimen,  has  kindly  loaned 
it  to  the  University  of  California  tor  study  and  description. 
To  Professor  Merriam  the  authors  wish  to  acknowledire  their 
indebtedness  for  valuable  suggestions  during  the  course  of  the 
work. 

Occurrence, 

Unfortunatelv,  the  information  which  we  have  concerning: 
the  occurrence  of  this  specimen  does  not  irive  us  verv  definite 
evidence  concerning  its  age.  The  encapsuled  q.<^^  is  said  to 
have  been  a  pebble  in  gravels  some  distance  above  the  present 
level  of  the  river.  If,  as  has  been  supposed,  the  gravels  are 
bench  deposits,  the  egg  is  at  least  as  old  as  the  Quaternary. 
If  they  are  of  recent  origin,  we  can  still  hardly  suppose  it 
younger  than  Quaternary,  as  it  is  only  under  the  most  extra- 
ordinary circumstance  that  dei)osits  of  recent  origin  can  occur 
as  hard  pebbles  in  recent  conglomerates. 

*  Field  Columbian  Museum,  Pub.  35,  vol.  i,  No.  5,  Geological  Series.     A 
Fossil  Egg  from  South  Dakota. 
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Deeeription. 

The  e^g  as  found  forms  the  center  of  a  rounded  mass  of 
bard  calcareous  rock,  which  may  be  called  the  capsule  or 
matrix.  Its  appearance  is  that  of  an  ordinary  irregnlarlv- 
sbaped  river  pebble,  about  3^x4x5  inches  in  dimensions.  It 
is  well  worn  by  the  action  of  water,  and  shows  striations  in  a 
plane  parallel  with  the  longer  diameters,  apparently  due  to 
differential  weathering  of  the  thin  layers  of  the  matrix.  By  a 
blow  of  a  pick  a  piece  was  broken  out  of  one  side  of  the 
pebble,  revealing  a  smooth  inner  core,  from  the  appearance  of 
which  the  finder  had  no  hesitation  in  pronouncing  it  a  fossil 
egg  embedded  in  rock.  When  the  si>ecimen  came  into  our 
possession,  part  of  the  surrounding  matrix  had  been  removed 
and  the  egg  broken  open.     (PI.  XA  III,  figs.  2  and  4.) 

In  order  to  expose  fresh  surfaces  for  observation  the  matrix 
was  completely  removed.  It  separated  readily  and  exposed 
what  appears  externally  to  be  a  typical  egg  in  all  respects.  (PI. 
XVIir,  fig.  1.)  It  is  oval  in  shape,  but  little  removed  from  an 
ellipsoid,  nowever,  and  measures  62x40™°*  (2*44  x  1*57  inches). 
Its  shape  indicates  very  clearly  that  it  belongs  to  the  class  of 
water-birds,  and  by  comparison  with  the  eggs  of  birds  of 
tlie  present  time,  it  is  found  to  correspond  closely  with  the 
type  of  egg  laid  by  the  cormorant.  The  character  of  the 
shell  is  entirely  unlike  these  rough  chalk-coated  eggs,  however, 
but  shows  a  finely  pitted  surface  with  some  d^?ree  of  polish 
such  as  is  found  in  eggs  of  the  duck  family.  The  minutest 
markings  of  the  shell  are  preserved  in  the  matrix,  moreover, 
and  in  this  there  is  no  evidence  of  anv  scratches  such  as  usually 
occur  in  the  chalky  layer  of  cormorant's  eggs.  It  is  true  that 
the  shell  proper  lying  underneath  the  outer  chalky  layer  of  a 
cormorant's  egg  shows  a  pitted  surface  much  like  that  of  the 
present  fossil  specimen.  It  seems  improbable,  however,  that 
the  chalky  laver  could  have  been  washed  off  without  iniurv 
being  done  to  the  egg,  neither  is  it  probable  that  it  was  firmly 
united  with  the  matrix  and  pulled  away  in  separating  the  egg- 
shell from  the  rock. 

While  the  specimen  most  resembles  in  shape  the  type  egg 
of  the  cormorant,  it  is  also  much  like  the  egg  of  the  larger 
grebes  or  herons,  the  American  bittern  or  limpkin.  Again, 
while  the  ratio  of  the  short  to  the  long  diameter  is  somewhat 
less  tlian  that  of  the  typical  egg  of  the  duck,  its  dimensions 
correspond  almost  exactly  with  measured  eggs  of  many  of  the 
larger  species  of  this  family,  tlin.s  showing  that  its  divergence 
from  the  type  is  not  greater  tlian  could  be  accounted  for  by 
iiidividnal  variation. 

In  microscopic  structure  tlie  same  similarity  is  apparent. 
Under  the  lens   the  sliell  of  a  wild  goose  or  of  a  duck  s  egg  is 
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practically  indistinguishable  from  the  fossil  shell,  which  shows 
distinctly  the  two  characteristic  layers,  the  outer  one  veined, 
the  inner  one  prismatic.  (PI.  XIX,  figs.  2a  and  2b,)  The 
shell  is  light  buff  in  tint,  but  any  inference  from  its  present  to 
its  original  color  would  hardly  be  significant.  It  is  probable 
that  when  this  egg  was  deposited  the  region  was  not  near  to 
the  sea.  Under  geographic  conditions  similar  to  those  now 
obtaining,  ducks  would  be  more  numerous  than  any  of  the 
other  possible  forms,  and  the  probabilities,  therefore,  favor 
anatine  origin  of  the  egg. 

Since  it  was  not  desirable  to  mutilate  the  specimen  unneces- 
sarily a  quantitative  analysis  of  the  shell  was  not  possible. 
Qualitative  analyses  of  the  shell  of  the  fossil  egg  and  the  shell 
of  a  wild-goose's  egg  were  made  in  parallel,  on  approximately 
equal  amounts  of  material  in  equal  volumes  of  solution  witn 
the  same  number  of  drops  of  the  different  reagents.  With  the 
exception  of  organic  matter  the  fossil  gave  tests  for  every 
element  found  in  the  egg  of  the  goose  apparently  to  the  same 
degree,  the  only  difference  noticeable  being  that  the  fossil  con- 
tained a  trifie  more  iron^ 

Taking  into  consideration  the  facts  that  the  fossil  eggshell 
is  in  chemical  composition  similar  to,  and  in  physical  structure 
practically  indistinguishable  from,  the  shells  of  birds'  eggs  of 
the  present  time,  the  hypothesis  that  the  material  of  the  lossil 
eggshell  as  it  exists  to-day  is  the  same  as  was  present  origi- 
nally seems  unquestionable.  Moreover,  the  minute  tracings  of 
the  shell  are  reproduced  on  the  inner  surface  of  the  surround- 
ing capsule.  This  fact  makes  it  necessary  to  assume  that  the 
egg  was  encased  very  soon  after  it  was  deposited  in  the  nest, 
and  that  subsequently  it  has  been  subjected  to  no  conditions 
likely  to  modify  its  microscopic  structure. 

Contents. 

By  far  the  larger  portion  of  the  contents  of  the  egg  consists 
of  beautifully  crystalline  colorless  colemanite,  showing  the 
characteristic  plates,  striations,  cleavage,  hardness,  extinctions 
and  other  physical  properties.  (PI.  XIX,  tig.  1.)  An  analysis 
gives  the  following  composition  : 

Calculated.  Found. 

CaO 27*21  per  cent         27*07  per  cent 

B,0, 50*93        "  61*00 

H,0 21-85        «  2201 


While  the  colemanite  in  many  places  comes  in  direct  contact 
with  the  shell  of  the  egg,  in  other  places  it  is  separated  from 
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it  by  a  tarry  material  which,  wherever  it  occDrs,  is  invariably 
in  contact  with  the  shell.  The  main  deposit  of  this  tar  is 
assumed  to  be  on  the  lower  side  of  the  ego:  as  it  lay  bnried. 
(PI.  XIX,  fig.  1,  ^.)  The  contacts  between  this  deposit  and  the 
colemanite  above  it  are  smooth,  gently  roanding  surfaces, 
without  inclusions  of  either  substance  in  the  other.  The 
second  largest  deposit  of  tar  is  almost  diametrically  opposite 
the  one  just  mentioned,  on  what  seems  to  have  been  the  opper 
side  of  the  eggshell.  While  the  character  of  the  tar  is  iden- 
tical, the  nature  of  the  contact  is  entirelv  different.  A  little 
mass  of  tar  of  irregular  shape  is  almost  completely  surrounded 
by  the  colemanite  and  hangs  down  from  al>ove  like  a  pendant, 
(f  1.  XIX,  fig.  1,  i'^  Other  slight  deposits  of  tar  in  varioos  parts 
of  the  egg  present  only  similar  phenomena.  No  inclusions  of 
the  colemanite  in  the  tar  could  l>e  anywhere  detected. 

The  surfaces  bounding  the  cavity  in  the  colemanite  in  which 
the  tar  is  included  are  smooth  and  roughly  spherical.  Had 
the  colemanite  crystallized  freely,  we  should  expect  the  boond- 
ing  surfaces  to  be  right-lined  and  planar,  conforming  to  the 
faces  of  the  crystals,  and  not  spherical  as  in  the  present 
instance.  The  shape  of  any  deposit  of  material  subsequently 
laid  down  must  of  necessity  corres|K)nd  to  those  surfaces  on 
which  it  is  deposited.  Considering  the  inclusion  of  the  tar  in 
the  mineral,  the  shaj>e  of  the  included  mass  and  the  nature  of 
the  contacts,  there  seems  to  be  no  doubt  that  the  entrance  of 
the  colemanite  took  place  after  the  tar  had  already  accumulated 
inside  the  shell.  Hence  it  was  that  the  colemanite  crystallized 
about  the  tar,  the  nature  of  the  surfaces  of  contacts  being 
determined  by  the  tar  and  not  by  the  crystallizing  mineral. 

Besides  the  deposits  of  tar  inside  the  shell,  there  is  a  thin 
film  of  the  same  material  between  the  shell  and  the  matrix, 
adhering  to  both.  On  the  inner  surface  of  the  matrix,  a  number 
of  small  black  prominences  are  plainly  in  evidence  (PI.  XIX, 
fig.  3),  which,  under  the  lens,  seem  to  be  minute  deposits  of 
the  same  tarry  material.  They  readily  disappear  wlien  the 
rock  is  washed  off  with  chloroform,  and,  after  thorough  extrac- 
tion, in  place  of  the  prominences  little  globular  cavities  or 
sacks  are  found.  (PI.  XIX,  figs.  3  and  4.)  The  diameters  of 
these  openings  increase  after  penetrating  beneath  the  surface 
of  the  matrix.  Microscopically  examined,  the  limestone  about 
these  cavities  appears  identical  in  character  with  that  removed 
from  their  vicinity.  The  cavities  are  found  to  correspond 
with  visible  canals  in  the  eggshell.  The  number  of  pits  in  a 
given  piece  of  matrix  corresponds  with  tlie  number  of  visible 
passages  in  that  part  of  tlie  shell  from  which  the  matrix  was 
removed,  the  relative  distril)ntion  of  each  being  about  the 
same.     A  minute  crack  in  the  shell  is  also  filled  with  tar  and 
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a  corresponding  tarry  ridge  is  noticeable  in  the  matrix.  Since 
the  homogeneity  of  the  matrix  offers  no  evidence  to  indicate 
that  the  little  cavities  are  tjie  remains  of  passages  to  the 
exterior,  subsequently  filled  with  more  recently  deposited 
material,  and  since  the  juxtaposition  of  cavity  in  the  matrix 
and  canal  in  the  eggshell  offers  evidence  that  the  cavities 
were  formed  from  within,  there  seems  to  be  no  reasonable 
hypothesis  other  than  that  the  tar  at  present  outjside  the  shell 
and  in  the  immediate  layers  of  the  matrix  came  from  within 
and  was  forced  outward  from  the  center. 

To  offer  a  reasonable  explanation  of  the  formation  of  these 
pits  is  not  an  easy  matter.  Since  they  are  intimately  connected 
with  the  canals  through  the  eggshell,  and  these  canals  as  well 
as  the  pits  are  filled  full  with  tar,  it  would  seem  as  though 
some  corroding  action  of  the  tar  might  be  connected  with 
their  formation.  Not  the  slightest  acid  reaction  can  be 
obtained  from  the   tar   in  any    way    with    litmus    or  phenol- 

Ehthalein,  how^ever;  hence  the  solution  of  the  limestone  would 
ardly  seem  to  be  due  directly  to  the  tar. 

The  ready  solubility  of  calcium  carbonate  in  water  contain- 
ing  carbon  dioxide  naturally  suggests  itself.  However,  the 
formation  of  carbon  dioxide  or  of  organic  acids  from  the 
original  decomposition  of  the  egg  can  hardly  be  suj^posed  to 
have  caused  the  action.  It  is  questionable  whether  a  limestone 
matrix  could  form  about  an  egg  before  its  contents  had  broken 
down  to  relatively  very  stable  deconq)osition  products.  More- 
over, if  these  pits  had  been  present  in  the  matrix  when  the 
colemanite  came  in,  they  would  in  all  probability  have  been 
filled  with  this  mineral.  It  is  necessary  to  assume  either  that 
these  pits  did  not  exist  when  the  colemanite  came  in,  or  that 
they  were  already  filled  \\\X\\  tar  ^vllich  prevented  the  mineral 
from  filling  them.  Since  the  tar  that  fills  them  unquestionably 
came  from  inside  the  shell,  the  only  force  considered  sufficient  to 
make  a  viscous  tar  leave  a  large  cavity  to  fill  a  small  pit  would 
be  due  to  the  crystallizing  colemanite.  As  the  crystals  formed, 
the  resulting  pressure  forced  the  tar  through  the  larger  canals 
in  the  eggshell.  Through  the  fine-grained  nuitrix  it  could 
not  go  because  of  its  viscosity. 

The  fact  that  the  tar  filling  these  pits  has  an  earthy  appear- 
ance, like  that  produced  in  the  ''weathering''  of  asphalts,  may 
offer  a  clue  as  to  the  formation  of  the  pits.  Oxygen  dissolved 
in  the  waters  percolating  through  the  strata  in  which  this 
specimen  was  embedded,  might  account  for  a  local  oxidation 
of  the  tar  as  it  emerged  from  the  pores  of  the  eggshell,  the 
carbon  dioxide  formed  producing  an  initial  solution  of  the 
material  of  the  capsule.  As  soon  as  the  matrix  was  appre- 
ciably  dissolved,   the   tar   was    forced   into   the  new-formed 
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cavity  and  the  action  began  again.  Since  the  oxidation  wonld 
take  place  over  the  whole  surface  of  the  minute  drop  exuding 
from  the  pore  in  the  shell,  the  cavity  formed  would  naturally 
assume  the  spherical  shape  which  these  pits  possess. 

The  J3ituminou8  Material. 

The  tar  is  a  semifluid  substance  of  very  dark  brown  color, 
resembling  natural  asphalts  in  appearance  and  physical  prop- 
erties. At  10®  C  it  is  brittle,  showing  a  conehoidal  fracture 
with  brilliant  surfaces,  the  edges  of  the  fracture  becoming 
rounded  on  standing.  As  the  temperature  rises  it  grows 
softer,  until  at  100**  C.  it  becomes  a  fluid  with  considerable 
viscosity.  Its  specific  gravity  is  a  trifle  less  than  that  of  boil- 
ing water.  It  is  readily  and  completely  soluble  in  petroleum 
ether,  turpentine,  carbon  disulphide  and  chloroform ;  much  less 
in  acetone  and  ether,  and  only  very  slightly  soluble  in  alcohol 
even  when  boiling.  No  residue  of  an  organic  or  inorganic 
nature  is  left  by  any  of  these  solvents.  In  all  of  these  points 
it  resembles  tlie  "  petroleum-cther-soluble "  fraction  of  all 
natural  asphalts,  long  known  as  "  petrolene." 

In  cold  fuming  nitric  acid  it  is  soluble,  separating   partially 
a  jelly-like  mass  which  resembles  silicic  acid.     If  the  solution   • 
be  now  poured  into  water  a  flocculent  precipitate  separates, 
resembling  aluminum  hydroxide  colored  slightly  with  ferric 
hydroxide.     This  precipitate  is  soluble  in  fuming  nitric  acid. 

If  the  solution  of  tar  in  nitric  acid  be  heated,  the  jelly-like 
substance  dissolves,  and  is  not  completely  oxidized  by  evapo- 
rating to  dryness.  On  boiling  the  residue  with  dilute  nitric 
acid  everything  dissolves  as  the  acid  concentrates,  and  when 
poured  into  water  now  gives  a  flocculent  red  precipitate  like 
ferric  hydroxide,  to  which  reference  is  made  by  Day,*  in  his 
investigation  of  gilsonite.  This  ferric-hydrate-like  precipitate, 
on  being  heated  with  water,  collects  as  a  thick  reddish  oil,  very 
slightly  soluble  in  petroleum  ether,  but  readily  soluble  in 
alcohol,  especially  when  warmed,  thus  showing  it  to  be  a  dif- 
ferent body  from  the  original  tar. 

Concentrated  sulphuric  acid  dissolves  the  tarry  material  also, 
giving  a  dark  red-brown  solution  which,  on  treatment  with 
water,  gives  a  precipitate  similar  to  that  from  fuming  nitric 
acid  just  described. 

By  the  sodium  nitroprusside  reaction  the  tar  gives  qualitative 
tests  for  the  presence  of  sulphur.  A  comparison  of  the  inten- 
sity of  color  given  by  tests  made  on  the  tar  with  similar  solutions 
containing  known  amounts  of  sodium  sulphide  would  indicate 
about  0*2  per  cent  of  sulphur  in  the  tar.  How  much  of  the 
total  amount  present  in  the  tar  would  escape  conversion  into 

*  Jour.  Franklin  Institute,  cxl,  p.  239  (1895). 
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alkaline  sulphide  by  heating  with  metallic  sodium  is  a  matter 
of  conjecture  only,  but  it  is  probable  that  less  than  1  per  cent 
of  the  tar  is  sulphur. 

Tests  for  nitrogen,  by  heating  with  sodium  and  precipitating 
the  cyanide  as  Prussian  blue,  failed  to  indicate  the  presence  oi 
this  element  even  when  0*3  gram  of  tar  was  treated.  Under 
these  circumstances  the  resulting  solutions  gave  very  strong 
tests  for  sulphur  but  not  a  particle  of  the  blue  precipitate 
could  be  obtained  even  on  long  standing. 

In  order  to  ascertain  the  delicacy  of  this  method  of  detect- 
ing nitrogen  in  substances  of  a  nature  similar  to  those  which 
might  be  expected  to  be  present  in  the  tar,  qualitative  experi- 
ments were  made  with  known  amounts  of  pyridine  and  quino- 
line.  It  was  found  that  0*01  gram  of  either  substance  would 
give  a  precipitate  in  such  quantity  that  when  diluted  to  100""" 
and  thoroughly  mixed,  P^"'  would  on  settling  give  a  distinct 
indication.  Similar  results  were  obtained  by  mixing  the  same 
amounts  of  pyridine  with  the  tar  and  then  heating  with 
sodium.  Certain  natural  asphalts  known  to  contain  nitrogen 
were  tested  by  this  method  and  ijcave  positive  results.  Hence 
it  is  concluded  that  the  failure  to  obtain  evidence  of  nitrogen 
in  the  present  instance  was  not  due  to  the  method.  While 
heating  the  pyridine  witli  sodium  its  odor  was  very  apparent 
in  the  room,  and  since  it  is  the  most  volatile  member  of  this 
series  of  compounds  it  seems  highly  probable  that  if  nitrogen 
were  present  m  the  tar  to  the  extent  of  005  per  cent  it  would 
have  been  detected. 

No  evidence  of  phosphorus  could  be  found,  after  oxidizing 
with  fuming  nitric  acid  and  testing  with  niolybdate  solution. 

None  of  the  properties,  either  physical  or  chemical,  which 
have  thus  far  been  set  forth,  indicate  any  difference  between  this 
tar  and  some  pure  natural  asphalts. 

A  combustion  of  0*1107  gram  of  the  tar  for  carbon  and 
hydrogen  gave  0*2582  gram  carbon  dioxide  and  0*1058  gram 
water,  indicating  63*6  per  cent  carbon  and  10*6  per  cent  water. 
These  figures  give  25*8  per  cent  oxygen  and  other  elements, 
determined  by  difference.  Since  nitrogen  is  absent  and  sul- 
phur present  only  in  small  amounts,  oxygen  seems  to  form 
about  one-quarter  of  the  entire  substance. 

These  percentages  do  not  agree  even  remotely  with  the 
figures  given  by  asphalts,  which  show  generally  less  than  5  per 
cent  of  oxygen.  Incomplete  combustion  may  possibly  explain 
this  discrepancy  but  there  was  no  evidence  of  this  during  the 
progress  of  the  combustion.  Although  a  second  determination 
was  greatly  desirable,  the  material  for  it  was  not  at  hand. 

It  is  interesting  to  note  in  this  connection,  however,  that 
certain  bituminous  substances  have  been  reported  as  containing 
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a  much  greater  percentage  of  oxvgen  than  the  figures  in  the 
present  case.  According  to  Sclirdtter*  dopplerite  contains 
43*03  per  cent  oxygen.  Elaterite  appears  to  be  associated 
sometimes  with  substances  of  high  oxygen  content,  which 
makes  the  amount  of  oxygen  present  in  tha  unpurified  material 
run  as  high  as  35  or  40  per  cent. 

On  heating  above  100  C.  many  natural  asphalts  and  "breas" 
froth  very  characteristically  because  of  the  water  contained  in 
them.  Inasmuch  as  no  frothing  occurs  on  heating  this  tar  to 
150°  C.  it  is  concluded  that  it  contains  no  appreciable  amount 
of  water.  This  conclusion  is  snpjwrted  by  the  fact  that  the 
petroleum  ether,  chloroform  and  carbon  disulphide  solutions 
are  perfectly  clear,  showing  not  the  slightest  turbidity,  a  cir- 
cumstance hardly  probable  if  water  were  present  chemically 
uncombined  in  the  specimen. 

As  the  temperature  is  raised  above  100°  C.  the  tar  begins  to 
decompose  slowly.  At  150°  C.  the  action  is  very  decided.  A 
volume  of  inflammable  gas,  large  in  proportion  to  the  weight 
of  the  substance  heated,  is  liberated.  This  reaction  is  com- 
pleted between  200°  C.  and  250°  C.  after  which  but  little 
decomposition  ensues  until  the  temperature  rises  above  that 
indicated  on  an  ordinary  thermometer. 

An  attempt  was  made  to  determine  the  boiling-point  of  the 
oily  liquid  left  after  such  heating.  It  remained  unchanged  at 
300°  C,  and,  on  heating  the  tube  with  a  small  flame,  would 
creep  away  from  the  hotter  portions  without  visibly  boiling  at 
360°  C. 

The  substance  remaining  after  heating  to  250°  C,  on  cooling, 
resembles  the  original  tar  in  appearance.  It  is,  however,  no 
longer  completely  soluble  in  petroleum  ether.  Only  about 
two-thirds  are  dissolved  by  this  solvent.  Most  of  the  remainder 
is  soluble  in  carbon  disulphide  but  there  always  remained  a 
distinct  residue  which  could  only  be  dissolved  in  chloroform. 
In   these  solubility   relations   it   resembles   ordinary    asphalt 

f)ossessing  a  large  "  petroleum-ether-soluble  fraction  "  ("  petro- 
ene  ")  and  a  smaller  "  asphaltene  "  fraction  soluble  in  carbon 
disulphide.  The  portion  soluble  only  in  chloroform  is  thought 
by  Pechamf  to  be  an  indication  of  "weathering"  in  those 
asphalts  in  which  it  occurs  in  appreciable  amounts.  In  this 
instance  it  is  clearly  formed  by  the  action  of  heat.  A  combus- 
tion of  0*0405  gram  of  the  material  heated  as  described  gave 
0*1257  gram  carbon  dioxide  and  00452  gram  water,  indicating 
84*7  per  cent  carbon,  12*4  per  cent  hydrogen  and  about  3  per 
cent  of  oxygen  and  sulphur.  These  percentages  correspond 
with  the  figures  given  by  asphalts  generally  on  combustion. 

♦  Wieii.,  Akad.  Ber.,  285  (1849). 
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In  short,  this  material  can  not  be  differentiated  from  ordinary 
natural  asphalt  in  any  way.  It  would  appear  that  the  tar  as  it 
exists  in  the  fossil  has  not  been  completely  bituminized,  since 
it  apparently  contains  considerably  more  oxygen  than  bitu- 
minous bodies  generally  possess.  On  heating  to  150°  0.  the 
transformation  is  completed  and  the  resulting  product  is  in  all 
respects  a  typical  asphalt.  The  ready  decomposition  of  the  tar 
and  the  entire  change  in  its  composition  and  nature  after  being 
heated  to  150°  C.  offer  evidence  that  the  specimen  has  never 
been  heated  to  this  temperature  previously. 

When  the  asphalt  thus  formed  is  heated  to  a  dull  red  heat 
more  gas  is  liberated,  doubtless  due  to  "cracking"  of  the 
high-boiling  oils  constituting  it,  and  a  residue  resembling  coke 
is  left. 

The  Matrix. 

The  matrix  in  which  the  Q^g  is  euibedded  varies  from  a 
little  less  than  half  an  inch  to  nearly  an  inch  in  thickness,  and 
consists  of  a  fine-grained  gray  limestone,  readily  effervescing 
when  treated  with  dilute  hydrochloric  acid.  A  quantitative 
analysis  was  deemed  unnecessary.  Qualitatively  examined,  it 
gives  slight  tests  for  iron,  aluminum,  silicic  and  boric  acids, 
the  relative  amounts  being  in  the  order  named.  Magnesium 
is  present  in  larger  quantity.  No  tests  for  sulphates,  phos- 
phates or  chlorides  were  obtained.  In  short,  the  matrix  seems 
to  be  a  limestone  of  considerable  puritv.  It  shows  no  geolog- 
ical evidence  of  metamorj)hi8m  whatever. 

In  an  indentation  in  one  side  of  the  limestone  is  a  smal] 
deposit  of  very  fine  hard  clay,  indicating  that  at  some  time 
during  its  history  the  fossil  embedded  in  its  limestone  capsule 
has  been  buried  under  such  conditions  as  to  allow  the  forma- 
tion of  clay  about  it. 

On  being  fractured,  especially  when  crushed  in  a  mortar, 
the  limestone  gives  off  the  peculiar  fetid  odor  supposed  to  be 
due  to  the  presence  of  organic  matter.  On  dissolving  in 
hydrochloric  acid  an  odor  similar  to  that  produced  when  iron 
and  zinc  are  treated  with  acids  becomes  apparent,  and  a  slight 
greasy  scum  is  evident  on  the  surface  of  the  liquid  when  in  a 
test-tube.  The  intensity  of  these  phenomena  is  not  greater 
than  is  observed  frequently  in  limestones  containing  no  appre- 
ciable amounts  of  organic  matter. 

In  order  to  ascertain  the  nature  and  amounts  of  this  organic 
matter  present,  a  ])iece  of  the  matrix  weighing  about  10  grams 
was  extracted  with  petroleum  ether  to  remove  the  tar  filling 
the  pits  and  covering  the  inner  surface.  The  piece  was  then 
finely  powdered  and  extracted  again  with  boiling  chloroform. 
Upon  evapor&tion,  from  9*7380  grams  of  the  matrix  0*006  gram 
of  tar  similar  to  the  other  tarry  material  was  obtained. 
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To  ascertain  whether  this  tar  coald  be  extracted  from  all 
sections  of  the  matrix  or  was  foand  alone  in  those  lavers 
nearest  the  center,  pieces  of  the  limestone  from  three  different 
sections  of  the  outer  layers  of  the  matrix,  removed  as  far  as 
possible  from  the  fossil  itself,  were  powdered  and  extracted 
similarly  but  no  weighable  residue  was  obtained  from  any 
portion.  This  indicates  that  the  carbonaceous  material  soluble 
m  chloroform  is  not  distributed  evenly  througliont  the  matrix 
but  is  confined  to  the  layers  in  the  immediate  neighborhood  of 
the  tar-tilled  fossil.  Since  the  amount  of  tar  extracted  from 
the  matrix  previously  mentioned  represents  only  about  0'iH> 
per  cent  oi  the  weight  of  the  limestone,  inasmuch  as  the 
extracted  material  seems  identical  with  the  tar  jfound  inside 
the  egg  and  cuvering  the  slielK  it  is  believed  that  this  amount 
was  some  of  the  same  material  from  inside  the  shell  which  was 
not  extracted  by  the  solvent  previous  to  grinding.  Therefore 
it  is  believed  that  the  matrix  as  a  whole  contains  no  carbona- 
ceous matter  of  a  bituminous  nature. 

To  ascertain  whether  the  matrix  contains  appreciable  amounts 
of  carbonaceous  matter  which  will  become  bituminous  on  heat- 
ing, about  10  grams  of  the  limestone  were  heated  in  a  hard 
glass  tube  in  an  atmosphere  of  carbon  dioxide.  The  products 
of  the  ignition  were  passed  through  a  freezing  mixture  to  col- 
lect any  liquid  distillate  and  the  gas  was  collected  over  potas- 
sium hydroxide  solution.  On  heating  beyond  the  limit  of  a 
thermometer  reading  to  360°  C,  only  3"*"  of  gas  were  collected. 
On  withdrawing  tae  thermometer  and  raising  the  temperature 
to  dull  redness,  7*^  more  gas  collected  during  a  half-hours  heat- 
ing, when  the  hard  glass  tube  fused  and  blew  out.  Xothhig 
but  a  drop  or  two  of  water  condensed  in  the  freezing  mixture. 
Thinking  that  the  gas  which  had  collected  might  be  air  a  taper 
was  applied,  when  a  slight  explosion  ensued,  showing  that  a 
part  only  of  the  10"^  of  gas  was  combustible. 

Assuming  the  combustible  gas  to  have  been  entirely  methane, 
10""*  would  weigh  0*007  gram.  In  reality  the  amount  of  com- 
bustible gas  could  not  have  l>een  half  this  figure,  since  it 
exploded  on  the  application  of  a  ta|>er.  Since  extraction  of 
the  heated  limestone  with  boiling  carbon  disulphide  left  no 
weighahle  amount  of  material,  it  is  safe  to  say  that  the  matrix 
does  not  contain  more  than  0*02  or  0*03  per  cent  of  carbona- 
ceous matter  of  a  pyrobituminous  nature. 

On  examini!ig  the  limestone  left  in  the  tube  it  seemed  to  be 
s(jmewliat  lighter  in  color.  On  being  sprinkled  on  red  litmus 
paper  nioititened  witli  water,  the  color  clianged  to  blue,  showinj: 
that  the  temperature  had  l>een  sutHciently  high  to  "  bum  ' 
some  of  the  liniestone  in  an  atmosphere  of  carboh  dioxide  and 
make  it  caustic.     On  being  treated   with  acids  it   no  longer 
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liberated  the  fetid  odor  previously  mentioned,  but  left  behind 
small  amounts  of  a  very  voluminous  insoluble  black  residue, 
largely  carbonaceous,  which  from  1  gram  of  the  ignited  mate- 
rial did  not  exceed  0*0006  gram.  Since  the  analysis  of  many 
"stinking"  limestones,  barites,  cherts  and  quartz  failed  to 
show  the  presence  of  carbonaceous  matter,  it  seems  safe  to  say 
that  the  limestone  composing  the  matrix  by  which  the  q^^  was 
surrounded  does  not  contain  as  much  as  0*1  per  cent  of  car- 
bonaceous matter.  Furthermore,  this  small  amount  is  of  a 
pyrolrituminous  rather  than  a  bituminous  nature,  requiring  a 
temperature  of  approximately  800°  C.  to  decompose  it  into 
gaseous  decomposition  products. 

Evidetice  as  to  Origin, 

In  seeking  for  an  adequate  source  of  the  tar  present  within 
the  e^ff  the  most  satisfactory  answer  nmv  be  obtained  by  the 
method  of  exclusion.  The  specimen  was  found  in  a  reo;ion 
from  which  very  few  deposits  of  bituminous  substances  have 
been  reported.  It  is  necessary  to  assume  that  the  colemanite 
came  in  from  outside  in  solution,  percolating  through  the 
matrix.  The  detection  of  boric  acid  in  the  limestone  is,  there- 
fore, what  would  naturally  be  expected.  If  the  very  insoluble 
tar  had  come  in  through  the  matrix  in  a  similar  manner,  it 
would  be  highly  reasonable  to  expect  to  detect  its  presence, 
also,  in  the  matrix.  No  tar  was  found  except  in  the  layer 
immediately  in  contact  with  the  shell,  where  all  evidence  goes 
to  show  that  the  movement  has  been  in  the  contrary  direction, 
i.  e.,  from  within  toward  the  exterior.  In  short,  no  evidence 
has  been  discovered  to  indicate  that  the  tar  came  in  from 
without. 

On  the  other  hand,  there  is  considerable  evidence  to  indicate 
that  the  tar  could  hardly  have  come  in  from  an  outside  source. 
The  tar  is  entirely  too  viscous  to  have  come  in  its  present  con- 
dition through  the  solid  matrix  surrounding  the  egg.  It  is 
possible  that  it  might  have  passed  through  the  inatrix  dis- 
solved in  a  lighter  solvent  which  has  since  disappeared.  In 
this  case,  after  entering  the  ^g^^  as  the  solvent  evaporated  the 
solution  must  have  concentrated  and  tended  to  collect  in  one 
deposit  on  the  bottom  of  the  cavity.  But  there  are  several 
deposits  of  the  material  within  the  eggshell,  some  being  diamet- 
rically opposite  the  main  body  of  material  which  is  assumed  to 
have  collected  on  the  floor  of  the  cavity.  Similarly,  the  dis- 
tribution of  the  tar  inside  the  shell,  coupled  with  its  ready 
decomposability  when  heated,  forbids  the  possibility  of  its 
having  entered  from  without  in  the  gaseous  state.  Consider- 
ing the  properties  of  the  tarry  material,  there  seems  to  be  no 
reasonable  possibility  that  it  could    have  come  in  from  an 
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external  source,  and  have  been  deposited  as  it  now  is  inside 
the  eggshell. 

Evidence  of  an  adequate  source  for  the  tar  in  the  limestone 
in  which  the  fossil  was  embedded  seems  to  be  entirely  want- 
ing. There  is  no  bittiminons  matter  in  the  matrix,  neither  is 
there  an  appreciable  quantity  of  any  pyrobituminous  material. 
Moreover,  tne  ready  decomposability  of  the  tar  with  the  forma- 
tion of  a  product  insoluble  in  petroleum  ether  indicates  clearly 
that  the  temperature  of  its  surroundings  could  never  have  been 
as  high  as  150°  C.  But  at  this  temperature  there  was  no  evi- 
dence at  all  of  pyrobituminous  material,  since  the  small  amount 
of  gas  produced  was  liberated  only  at  a  red  heat. 

Considering  the  indubitable  evidence  that  the  tar  was  pre- 
sent before  the  colemanite  came  in,  the  small  amount  of  bitu- 
minous matter  present  inside  the  sliell,  rather  than  an  egg  filled 
full  of  the  material,  is  not  without  its  significance. 

Considering  the  highly  fragile  nature  of  an  egg  and  the 
perfect  state  of  its  preservation,  the  conclusion  that  it  was 
encased  very  soon  after  it  was  laid  seems  inevitable.  This 
must  mean  the  inclusion  of  its  natural  contents. 

There  is  no  reason  to  suppose  that  the  egg  of  any  previ- 
ously existent  bird,  the  shell  of  which  is  so  similar  to  present 
day  specimens  as  to  be  indistinguishable  even  under  the 
microscope,  would  differ  materially  in  the  chemical  nature  of 
its  contents. 

In  the  eggs  of  the  various  families  of  birds  which  have 
been  analyzed,  there  is  but  a  slight  variation  in  the  relative 
proportions  of  the  constituents,  a  difference  not  sufficient  to 
invalidate  the  present  considerations.  The  average  composi- 
tion of  the  edible  portion  of  ducks'  or  geese's  eggs  may  be 
taken  as  15*5  per  cent  protein  and  14*5  per  cent  fat.  Very 
probably  these  figures  closely  represent  the  composition  of 
water  birds'  eggs  as  a  whole.  The  cubical  contents  of  the 
fossil  egg  is  49*^^'".  Assuming  the  specific  gitivity  of  its 
natural  contents  to  have  been  1  (it  is  usually  a  trifle  greater), 
there  would  be  about  7*5  gmms  of  fat  and  somewhat  inore  of 
dry  protein.  Assuming  that  the  protein  would  lose  all  of  its 
nitrogen  and  sulphur  as  ammonia  and  hydrogen  sulphide  or 
their  equivalents,  and  that  part  of  its  carbon  would  disappear 
as  the  monoxide  or  dioxide  or  their  equivalents,  40  per  cent 
of  the  dry  weight  of  protein  would  still  remain  if  these  decom- 
positions took  place  without  the  intervention  of  oxygen  from 
without.  Under  the  same  circumstances  moi*e  than  90 
per  cent  of  the  fat  would  still  remain.  There  is,  of  course, 
the  probability  of  a  decomposition  resulting  in  the  formation 
of  methane,  but  of  the  magnitude  of  this  reaction  no  infer- 
ences can  be  drawn  or  allowances  made.     The  assumption  of 
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5  or  6  grains  of  residue  from  the  contents  of  an  egg  of  the 
size  of  the  present  specimen  is  not,  therefore,  unduly  large. 

It  is  difficult  to  estimate  closely  the  amount  of  tar  present 
in  the  fossil  because  of  its  varying  distribution.  The  total 
quantity  of  bituminous  matter  could  not  have  been  more  than 
3  grams  and  was  probably  much  nearer  2  grams.  This 
amount  might  well  have  been  derived  from  the  fat  alone. 
The  absence  of  nitrogen  in  the  bitumen  may  possible  be 
accounted  for  by  the  suggestion  that  tlie  easily  decomposable 
protein  may  have  entirely  disappeared,  while  the  more  stable 
fatty  constituents  may  alone  have  become  bituminized. 

The  derivation  of  the  tar  from  the  original  contents  of  the 
egg  is,  then,  entirely  possible,  and  from  what  is  known  of  the 
process  of  bituminization  its  origin  from  such  a  source,  under 
the  conditions  to  which  it  has  doubtless  been  subjected,  is  not 
in  the  least  improbable.  In  the  absence  of  any  evidence  to 
the  contrary,  therefore,  since  extraneous  sources  have  been 
shown  to  be  highly  improbable,  no  reasonable  ground  seems 
to  exist  for  doubting  that  the  tar  now  present  in  the  fossil  has 
been  derived  from  the  natural  contents  of  the  es^s. 


'&>->' 


Ji  earing. 

After  more  than  seventy  years  of  painstaking  investigation 
from  the  purely  scientiiic  as  well  as  technical  sides,  the  matter 
of  the  origin  of  bitumens  is  still  an  open  question  in  many 
respects.  '  Three  entirely  distinct  theories  have  been  before  the 
world  for  years,  ascribing  their  origin  to  tliree  separate  and 
distinct  sources.  The  laboratory  investigations  of  Moissan, 
especially  for  the  theory  of  inorganic  origin,  and  of  Warren, 
Daubree,  Eugler,  Day  and  Sadtler  for  the  organic  side,  have 
made  it  apparent  that  the  results  of  experimentation  support 
any  theory  and   that  artificial  production   indicates  only  the 

Eossibilities  and  not  necessarily  the  realities  as  to  the  origin  of 
itumens. 
Furthermore,  every  case  of  artificial  production  of  bituminous 
matter  has  required  a  temperature  much  beyond  the  ordinary, 
a  condition  which  an  examination  of  natural  deposits  seems  to 
render  exceedingly  improbable.  ''What  geologists  would  be 
glad  to  find  in  Nature,"  says  Professor  Orton,*  "as  matching 
to  and  harmonizing  with  the  facts  with  which  they  are  obliged 
to  reckon,  would  be  a  process  in  which  the  products  of  the 
organic  world  are  transformed  into  mineral  oil  at  ordinary  tem- 
peratures with  complete  consumption  of  the  substances  acted 
upon  so  that  no  carbon  residue  would  be  left  behind.  They 
would  also  expect  the  transformation  to  be  accomplished  while 

*BuU.  Geol.  Soc.  Am.,  9-90  (1898). 
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the  organic  matter  still  retained  essentiallj  its  original  cliar- 
aeter." 

The  attempt  has  been  made  repeatedly  to  realize  these  condi- 
tion,— to  ascertain  whether  unouestioned  evidence  could  not 
be  obtained  to  show  from  what  kind  of  matter  natural  deposits 
have  actually  been  derived.  Many  natural  deposits  have  been 
carefully  examined,  but  in  no  case  can  the  evidence  be  con- 
sidered as  conclusive. 

Thus,  Wall  pronounced  the  celebrated  '*  pitch  lake"  of  Trini- 
dad to  be  of  vegetable  origin  because  of  the  remains  of  vegeta- 
tion in  all  stages  of  transition  which  are  present  in  the  pitch. 
Jones  found  in  the  same  pitch  unquestionable  animal  remains; 
hence  an  animal  origin  is  not  improbable.  Later  Richardson* 
examined  the  "  lake  ■ '  and  concluded  that  the  conditions  pre- 
sent offer  "  a  far  more  reasonable  basis  for  the  assumption  ot  a 
volcanic  origin." 

Fraas  observed  petroleum  oozing  from  a  coral  reef  in  the 
Red  Sea  and  concluded  that  the  coral  polyps  are  to-day  being 
changed  into  bitumen.  Binuey  noticed  the  same  phenomenon 
about  a  peat  bog  in  England  and  inferred  that  peat  was  being 
transformed  at  the  present  time  into  petroleum.  Both  of  these 
are  isolated  instances.  No  other  known  coral  reefs  or  peat  bogs 
show  evidence  of  similar  changes,  although  conditions  seem  to 
be  identical.  Neither  occurrence  was  thoroughly  studied  to 
ascertain  what  evidence  there  might  be  for  or  against  the  pos- 
sibility of  another  origin.  Neither  instance  is  to  be  regarded, 
therefore,  as  unquestionable. 

The  occurrence  of  l)itumen  in  fossils  has  hitherto  been  of  no 
value  as  a  means  of  furnishing  direct  evidence  as  to  its  origin, 
inasmuch  as  investigation  proves  that  the  bitumen  need  not, 
and  often  could  not,  liave  been  derived  from  the  organism  with 
the  remains  of  which  it  is  to-day  associated. 

The  discovery  of  the  present  specimen,  a  fossil  egg  partly 
filled  with  bituminous  material,  is  under  these  circumstances  of 
scientific  value.  For  while  absolute  proof  cannot  be  given, 
the  evidence  amounts  almost  to  a  demonstration  that  the  bitu- 
minous substance  now  present  in  the  egg  represents  a  part  of  its 
original  organic  contents.  In  the  absence  of  any  evidence  to  the 
contrary  we  may  accept  that  origin  toward  which  all  the  evi- 
dence points.  This  specimen  presents,  then,  one  of  the  very  few 
instances,  possibly  the  only  one,  in  which  conclusive  evidence 
is  at  liancl  to  connect  bituminous  matter  with  the  original 
material  from  wiiich  it  lias  been  derived  by  a  natural  process 
without  abnormal  conditions. 

Tlie  ahHciice  of  nitrogen  from  a  bitumen  material  can  not  be 
regarded,  tlierefore,  as  unquestioned  evidence  of  its  vegetable 

*JoTir.  Am.  Chem.  Soc,  7-51  (1893). 


Morgafi  aiid  TaUvwn — Occurrence  of  Bitumen.      377 

origin,  neither  sliouid  the  association  of  bitumen  with  boric  acid 
be  considered  as  a  strong  indication  of  volcanic  origin  for  the 
bitumen. 

University  of  California,  Berkeley,  California. 

EXPLANATION  OF  PLATE  XVIII. 

Figure  1. — Side  view  of  egg. 

Figure  2. — Egg  in  the  original  matrix. 

Figure  3. — Matrix  from  inner  side,  showing  pits. 

Figure  4. — In  the  matrix,  end  view. 

(All  fignres  natural  size. ) 


i\ 


Measurements. 


Length  of  egg _ 62°"" 

Width    **     " 40 

Circumference  Oongitudinally) 169 

'  *  (transversely) 124 

Long  diameter  of  enclosing  capsule 120 

Average  thickness  of  enclosing  capsule 12 

Thickness  of  eggshell '33 

EXPLANATION  OF  PLATE  XIX. 

Figure  1. — Fractured  surface  of  the  bioken  egg,  showing  the  contents ;  <,  t\ 
and  other  darkened  areas  represent  the  bituminous  material ;  the  remainder 
of  the  cavity  is  filled  with  colemanite.     (Natural  size.) 

Figure  2a.  — A  portion  of  the  eggshell  ground  down  on  one  side.  «.  corru- 
gated outer  surface :  c,  cellular  lower  layer.     (  x  275. ) 

Figure  26. — Cross-section  of  the  shell  frapment  shown  in  figure  2a.  s, 
corrugated  outer  surface  ;  c,  cellular  lower  layer.     (  x  275.) 

Figure  3. — Outer  surface  of  the  shell,  showing  corrugations  of  the  surface 
and  a  large  pit  filled  with  bituminous  material.     (  x  275.) 

Figure  4. — Cross-section  of  the  i^it  shown  in  fijj^ure  8.     (  x  275.) 
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Abt.  XL. —  On  the  Badio-activity  of  Natural  Waters ;   by 

Bertram  B.  Boltwood. 

The  occurrence,  in  the  water  of  the  public  supply  of  Cam- 
bridge and  the  water  from  a  numl>er  of  other  £ngli6h  localities, 
of  a  radio-active  gae  having  properties  similar  to  those  of  the 
radium  emanation,  has  been  demonstrated  by  J.  J.  Thomson* 
and  confirmed  by  £.  P.  Adams.t  BumsteM  and  Wheeler^ 
liave  also  shown  that  a  similar  radio-active  gas  is  oontained  in 
the  city  water  supply  of  New  Haven,  Conn.,  and  in  water 
from  a  spring  at  ^i  ew  Milford,  Conn.  That  the  waters  from 
the  hot  springs  at  Batli  and  Buxton  in  Euffland  also  contain 
radio-active  gases  has  been  demonstrated  by  Allen  and  Blyths- 
wood,§  who  examined  the  gases  given  ott  at  the  springs  and 
also  the  gases  which  escape  from  the  water  on  boiling.  The 
presence  of  minute  quantities  of  radium  salts  in  these  waters 
and  also  in  the  sedimentary  deposits  formed  at  the  point  of 
issue,  which  has  been  observed  by  Strutt,||  is  of  considerable 
importance  since  it  has  been  shown  by  Rayleigh^^  that  the 
gases  which  rise  with  the  springs  consist  in  part  of  helium. 

Mention  is  made  by  Himstedt**  of  the  occurrence  of  radium 
emanation  in  the  waters  of  the  thennal  springs  at  Baden- 
Baden,  Germany,  and  an  examination  by  Elster  and  Geiteltf 
of  tlie  sedimentary  deposits  formed  at  these  springs,  has  made 
it  evident  that  these  deposits  contain  radium  compounds. 

Curie  and  LabordeJ:;  have  recently  tested  the  gases  given 
off  at  certain  mineral  springs  of  European  origin  and  by  the 
waters  of  these  springs  on  boiling.  They  examined  gases  from 
nineteen  different  sources,  fourteen  of  which  they  found  to  be 
radio-active.  The  radio-active  properties  of  the  gases  corre- 
sponded to  those  of  the  radium  emanation.§§ 

Kadium  emanation  has  also  been  found  to  occur  in  crude 
petroleum  and  natural  gas,  as  well  as  in  the  air  drawn  from 
the  ground  in  a  number  of  different  localities. 

Tlie  object  of  this  paper  is  to  describe  a  method  for  the 
quantitative  determination  of  the  radio-active  gas  contained  in 
a  water  and  to  f nrnisli  a  convenient  standard  for  measurement 
and  comparison ;  also  to  offer  some  experimental  evidence  as 
to  the  origin  of  the  radio-active  properties  of  natural  waters. 

♦  Nature,  Ixvii,  ^09  (1903) ;  Proc.  Cambr.  Phil.  Soc.,  xii,  173  (1908). 

+  Phil.  Mag.,  viii,  563  (1903). 

♦This  Journal,  xvi,  328  (1903) ;  ibid.,  xvii,  97  (1904). 

i:;  Nature,  Iviii,  343  (1903) ;  ibid..  Ixix,  247  (1904). 

I  Proc.  Royal  Soc.  London,  Ixxiii,  191  (1904). 

•"  Proc.  Roval  Soc.  London,  Ix,  56.        ♦*  Ann.  d.  Physik,  xiii,  578  (1904). 

+t  Physikal.  Ztschr.,  v.  321  (1904). 

jiCompt.  Rend.,  cxxxviii,  1150  (1904). 

g§  H.  Mache,  Physik.  Ztschr.,  v,  441  (1904). 
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Met/iod  of  Determination. 
The  eases  dissolved  in  a  water  can  be  conveniently  separated 
and  collected  by  the  method  described  by  Reichhardt.  The 
apparatus  as  ordinarily  constructed  is  too  small  for  the  purpose 
under  consideration  and  rerjuires  certain  modifications.  It  con- 
sists (fig.  1)  of  a  vessel  A  made  from  sheet  copper  and  having 
a  capacity  of  about  9  liters.  The  orifice  of  tliis  vessel,  9™  in 
diameter,  is  surrounded  by  a  heavy  brass  ring,  15"™  in  outside 
diameter,  to  which  can  be  attached  by  clamps  a  heavy  brass 


plate  a,  having  a  block-tin  pipe  soldered  into  an  opening  in  its 
center.  A  rnbber  gasket,  3"""  thick,  between  the  plate  and 
the  ring  makes  the  joint  perfectly  tight  when  the  clamps  (fi  hi 
number)  are  screwed  up  tightly.  A  piece  of  thick-walled 
rubber  tubing  carrying  a  screw-pin chcock  D  connect;*  the  tin 
pipe  with  the  glass  tube  <',  which  extends  to  the  gas  receiver  C. 
This  latter  is  52'-'"  in  length  and  3'"'  in  diameter  and  has  a  total 
capacity  of  about  350'\  The  tube  c  protrudes  about  20™'  into 
C  beyond  the  rubber  stopper  at  the  bottom.  The  top  of  C  is 
drawn  out  into  a  short,  narrow  tulje  and  is  closed  by  a  rubber 
tube  and  a  screw-pinchcoek,  i.  The  tube  g  passes  from  the 
bottom  of  C  and  is  joined  at  A,  by  a  piece  of  rubber  tubing 
carrying  a  screw-pinchcoek,  to  a  glass  tube  which  passes 
through  a  rubber  stopper  and  extends  to  the  bottom  of  the 
"  Hempel's  "  Gas  AnalyHis  "  (translated  by  1..  U.  D6T\ti\sii, 


380        Bcitwood — Radio-activity  of  Natural  Waters. 

flask  B.  Tliis  flask  lias  a  capacity  of  abont  fonr  liters. 
Throngh  the  stopper  which  closes  it,  there  also  passes  a  short 
^las8  tnbe  attached  by  a  short  rabber  tube  to  the  glass  tabe  n. 
The  end  of  71  dips  into  a  good-sized  beaker.  The  contents  of 
A  and  B  can  be  bronght  to  boiling  by  the  heat  from  two  large 
gas-burners  placed  below  the  vessels. 

In  making  a  separation  of  gas,  the  flask  B  is  first  filled  abont 
one-half  full  of  distilled  water,  which  is  boiled  yigoronsly  for 
al>out  fifteen  minutes.  In  the  mean  time  the  vessel  A  is  com- 
pletely filled  with  the  water  to  be  tested,  the  cover  a  placed  in 
position  and  secured  by  the  clamps,  the  rubber  tube  1)  discon- 
nected from  the  tin  pipe,  and  the  pinchcocks  are  all  opened. 
At  the  end  of  the  15  minute  interval  the  pinchcock  k  is  closed, 
when  the  pressure  of  the  steam  in  B  will  force  the  boiling 
water  from  B  into  Cand  the  tubing  connected  with  it.  When 
these  are  completely  filled  with  the  hot  water,  the  pinchcocks 
D  and  ?  are  closed  and  the  cock  k  is  opened.  The  tin  pipe 
attached  to  a  is  now  filled  full  of  distilled  water  and  the  rubber 
tube  IJ  is  slipi>ed  over  it.  The  pinchcock  I)  is  then  opened 
and  the  gas  lighted  in  the  burner  under  A. 

The  gas  burette  E^  filled  with  distilled  water,  is  connected 
with  i  l>y  a  short  piece  of  capillary  tubing,  and  the  screw- 
pinchcock  J  is  opened.  As  the  temperature  of  the  water  in  A 
approaches  the  boiling-point,  the  gas  is  freely  disengaged  and, 
passing  through  the  tui>e  c*,  accunmlates  in  the  upper  part  of 
tiie  gas  receiver  C.  By  lowering  the  balance-receptacle  jFand 
opening  the  cock  i  the  gas  can  be  transferred  irom  time  to 
time  t()  the  burette  E.  The  water  in  A  is  boiled  gently  for 
ai)out  20  minutes.  By  a  proper  regulation  of  the  pinchcock 
at  k  and  the  burner  under  A  the  pressure  within  the  apparatus 
can  be  so  regulated  that  the  height  of  the  water  colnmn  in  C 
is  about  10  centinieters.  The  pinchcock  at  k  is  used  in  emer- 
gencies when  the  water  in  A,  having  become  slightly  sn per- 
il eated,  tends  to  boil  too  vigorously  and  the  excess  01  steam 
threatens  to  force  the  accumulated  gas  out  of  Cinto  B.  In 
such  cases  the  cock  h  is  closed,  the  gas  under  A  turned  oflE  and 
the  cock  i  opened,  permitting  the  excess  of  vapor  to  pass  over 
into  £^. 

Since  natural  waters  almost  always  contain  an  excess  of 
carbon  dioxide  gas,  a  few  cubic  centimeters  of  a  strong  solu- 
tion of  sodium  hydroxide  is  added  on  introducing  the  sample 
into  A,  This  combines  with  the  free  carbon  dioxide  and 
rediicos  the  volume  of  gas  set  free  on  boiling. 

After  all  the  gas  obtained  from  a  given  sample  of  water  has 
been  transferred  to  the  burette  E,  it  is  introduced  into  an  air- 
tight electroscope.  This  f>peration  is  carried  out  in  the  follow- 
lUiX  manner : 
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The  air  in  the  electroscope  is  exliausted  until  the  pressure  is 
abont  one-half  atmosphere.  To  one  of  the  stopcocks  of  the 
electroscope  a  small  T-tube  is  attached  by  a  short  length  of 
rubber  tubing.  The  branch  of  the  T-tube  connected  with  the 
rubber  tube  contains  a  filling  of  granulated,  anhydrous  calcium 
chloride  held  between  plugs  of  cotton  wool.  The  rubber  tube 
;  of  the  gas  burette  is  slipped  over  another  branch  of  the  T- 
tube,  and  the  third  branch  is  closed  by  a  short  rubber  tube 
plugged  with  a  glass  rod.  The  pinchcock  /  is  iirst  opened  and 
then  the  stopcock  of  the  electroscope  is  opened,  so  that  the  gas 
is  drawn  very  slowly  into  the  electroscope.  When  the  water 
in  the  burette  has  risen  to  tlie  junction  of  the  side  tube,  the 
pinchcock  /  is  closed  and  the  plug  removed  from  the  side  tube, 
permitting  the  external  air  to  pass  into  the  electroscope  and 
sweep  with  it  any  of  the  gases  from  E  remaining  in  the  tube 
and  connections.  When  the  atmospheric  pressure  is  estab- 
lished in  the  electroscope  the  stopcock  is  closed  and  the  appa- 
ratus disconnected. 

In  the  tests  which  will  be  described  later  in  this  paper  the 
average  volume  of  gas  obtained  was  abont  150  ^  The  capacity 
of  the  electroscope  used  was  about  580'^'^,  so  that  under  the 
conditions  which  have  been  described  about  100^°  of  atmos- 
pheric air  swept  through  the  connecting  tubes  before  the  normal 
pressure  was  established  in  the  interior  of  the  electroscope. 

The  activity  of  the  gas  from  the  water  was  measured  in  the 
electroscope,  which  has  been  described  in  a  previous  paper.* 
The  gold  leaf  was  charged  by  a  battery  consisting  of  2ir)  small, 
lead  storage  cells,  at  a  potential,  therefore,  of  about  432  volts. 
The  positive  terminal  of  the  battery  was  earthed  and  con- 
nected with  the  case  of  the  instrument ;  the  negative  terminal 
was  connected  with  the  top  of  the  rod  supporting  the  gold- 
leaf.  The  normal  air-leak  of  the  instrument  was  low  and 
quite  constant,  and  was  equal  to  approximately  0*012  division 
per  minute.  The  readings  ol)tained  with  each  measurement  of 
gas  were  corrected  by  tliis  quantity. 

Because  of  the  initial  rise  in  the  activity  when  the  emana- 
tion is  tirst  introduced  into  the  electroscope,  due  to  the  forma- 
tion of  "emanation  X"  on  the  walls  of  the  vessel,  the  rate  of 
leak  at  the  end  of  three  hours  was  taken  as  the  measure  of  the 
activity. 

Standard, 

One  of  the  most  important  points  in  the  measurement  of 
the  radio-activity  of  the  gas  contained  in  a  water  is  that  the 
results  shall  be  given  in  the  terms  of  some  standard  which  will 
permit  the  direct  comparison  of  the  results  obtained  by  dif- 
ferent  experimenters.      In   the   investigations   conducted    by 

♦  This  Journal,  xviii,  97  (1904). 
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Curie  and  Laborde  the  staudard  adopted  is  the  quantity  of 
emanation  produced  by  one  milligram  of  pure  radium  bromide 
in  one  second.  Such  a  standard  would  sunice  for  all  immediate 
needs  if  it  were  not  for  the  fact  that  it  is  impossible  for  others 
to  obtain  at  present  even  small  quantities  of  radium  bromide 
of  known  ana  established  purity.  Other  investigators  have 
adopted  the  plan  of  expressing  the  activity  in  terms  of  the 
number  of  ions  produced  per  second  in  a  volunje  of  one  cubic 
centimeter.  This  is  difficult  to  determine  with  accuracy  and 
its  indirect  calculation  is  uncertain. 

The  standard  here  suggested  and  employed  is  the  quantity 
of  radium  emanation  set  free  when  a  known  weight  of  uranium 
in  the  form  of  a  natural  mineral  is  dissolved  in  a  suitable 
reagent.*  The  mineml  which  has  been  used  is  a  pure  uraui- 
nite  from  North  Carolina.  It  was  dissolved  in  aqua-regia,  the 
solution  diluted  with  water  and  tlie  gas  removed  by  boiling. 
The  details  of  the  operation  follow : 

The  sample  of  uraninite  was  finely  pulverized  in  an  agate 
mortar.  A  portion  on  analysis  was  found  to  contain  82*46  per 
cent  of  uranium.  A  qiiantity  of  the  pulverized  mineral  equal 
to  0*0121  was  weighed  out  into  a  small  tube  made  by  cutting 
off  about  4*^°"  of  the  bottom  of  an  ordinary  glass  test-tube.  The 
tube  was  lowered  by  means  of  a  short  piece  of  common  thread 
into  a  flask  of  about  100''''  capacity,  which  ha<l  been  previously 
filled  about  one-half  full  of  distilled  water.  A  rubber  stopper 
with  which  the  flask  could  be  closed  carried  a  glass  tube,  which 
could  be  pushed  through  the  stopper  until  the  lower  end  was 
just  above  the  surface  of  the  water  in  the  flask.  Beyond  the 
stopper  the  tube  was  bent  at  a  right  angle.  The  stopper  was 
placed  very  loosely  in  the  neck  of  the  flask,  the  tube  which  it 
carried  being  at  the  same  time  inserted  in  the  top  of  the  tube 
containing  the  mineral.  On  releasing  the  end  of  the  thread  at 
the  right  moment  this  dropped  into  the  flask,  leaving  the  tube 
floating  on  the  water  and  supported  in  an  upright  position  by 
the  fixed  tube  within  it.  The  rubber  stopper  was  then  tightly 
inserted  in  the  neck  of  the  flask  and  about  one  cubic  centi- 
meter of  aqua-regia  was  introduced  into  the  tube  containing 
the  mineral,  a  small  pipette  with  a  long,  thin,  capillary  tube 
being  used  for  this  purpose. 

The  open  end  of  the  tube  was  then  connected  with  the  rub- 
ber tube  D  (fig.  1),  the  vessel  A  having  been  removed.  The 
pincheock  D  was  opened,  the  flask  and  contents  were  warmed 
gently  and  the  uraninite  was  dissolved.  When  the  solution  of 
the  mineral  was  complete  the  tube  extending  into  the  flask  was 
drawn  out  through  the  rubber  stopper  until  the  opening  was 
just  below  tlie  stopper.     Tliis  permitted  the  tube  contamiiig 

*  This  Journal,  xviii,  97  (1904). 
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the  solution  of  the  mineral  to  fall  on  its  side  and  fill  with 
water.  The  contents  of  the  flask  were  now  boiled  for  about 
20  minutes,  a  few  snips  of  platinum  foil  having  been  placed 
in  the  flask  to  prevent  bumping.  The  gases  which  accumu- 
lated in  the  tube  C  were  transferred  to  the  gas  burette  E^ 
allowed  to  stand  for  15  minutes  and  then  introduced  into  the 
electroscope.  The  water  in  the  flask  jff,  the  tube  C  and  the 
gas  burette  E  contained  a  little  sodium  hydroxide  to  absorb 
any  chlorine  which  might  be  produced  in  the  reaction.  Tiie 
time  which  transpired  from  the  boiling  off  of  the  gas  to  its 
introduction  into  the  electroscope  (about  30  minutes)  was  suffi- 
cient to  reduce  the  activity  of  the  thorium  and  actinium  ema- 
nations also  present  to  a  negligible  value. 

The  rate  of  leak  as  determined  at  the  end  of  three  hours 
was  taken  as  the  basis  of  calculation,  and  was  considered  as 
equal  to  the  activity  of  the  radium  emanation  associated  with 
O'OIOO  gram  of  uranium.  This  leak  was  equal  to  1*76  division 
per  minute.  A  fall  of  the  gold-leaf  equal  to  0*001  division 
per  minute  was  therefore  equivalent  to  5*68  X  10~*  grams 
uranium. 

Calculation  of  Initial  Activity. 

In  most  cases  it  is  either  impractical  or  altogether  impossible 
to  carry  out  the  measurement  of  the  activity  of  the  water  at 
the  source  of  the  spring.  A  certain  length  of  time,  either  a 
few  hours  or  several  days,  must  elapse  between  the  time  of 
collection  of  the  sample  and  the  time  that  the  test  is  conducted. 
Since  it  is  highly  probable  that  the  activity  of  most,  if  not  all, 
radio-active  waters  is  due  chief  y  to  dissolved  radium  emanation, 
this  activity  will  become  regularly  less  on  standing.  The  decay 
of  the  radium  emanation  will  follow  the  siinpte  exponential 
law  expressed  by  the  equation  : 

I  =  loe--\ 
in  which  I  represents  the  activity  after  the  interval  ^,  I„  the 
initial  activity,  e  the  base  of  the  Napierian  system  of  loga- 
rithms and  t  the  elapsed  time  expressed  in  hours.  The  value 
of  the  constant  a  is  0*00724:  as  determined  by  Curie,  0*00778 
as  determined  by  Rutherford  and  Soddy,  and  0*00744  as  deter- 
mined by  Bumstead  and  Wheeler.^ 

The  initial  activity  of  the  water  can  therefore  be  calculated 
from  the  observed  value  of  I.  A  convenient  form  of  the 
equation  is  then 

lo  =  Ic*^ 

jRadium  Salts  in  Solution, 

The  presence  or  absence  of  radium  salts  in  solution  can  be 
demonstrated  by  boiling  about  10  liters  of  the  water,  a  little 

*  This  Journal  xvii,  97  (1904). 
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acetic  acid  bein^  added  to  prevent  the  precipitation  of  carbon- 
ates. After  boiling,  the  water  is  allowed  to  stand  for  several 
hours  in  contact  with  the  air  and  is  then  introduced  into  a 
bottle  and  tightly  sealed.  The  capacity  of  the  bottle  should 
be  such  that  the  water  completel}'  fills  it,  leaving  only  the 
smallest  possible  air  space  below  the  stopper.  The  water  is 
then  allowed  to  stand  for  a  suflScient  lengtli  of  time  (say  16 
days)  and  is  then  boiled  again  in  the  apparatus  shown  in  fi^g. 
1.  If  radium  salts  are  present  in  the  water,  the  gases  given  ^ 
on  this  second  boiling  will  contain  the  accumulated  radium 
emanation,  and  the  relative  quantity  of  radium  present  can  be 
calculated  from  the  observed  activity  of  tlie  gas. 

Radio-active  Waters. 

A  considerable  number  of  samples  of  radio-active  waters  have 
been  examined  by  the  method  herein  described.  Data  on  only 
three  of  these  is  at  present  available.  The  sources  of  these 
three  samples  were  tiie  following  : 

No.  1.  Water  from  a  spring  at  Windham,  Me.  This  spring 
is  known  as  the  "  Maine  Granite  Spring,"  and  is  stated  to  issue 
from  a  granite  and  sandstone  formation,  to  have  an  estimated 
flow  of  100  gallons  per  minute  and  to  have  a  temperature  of 
43°  Fahr.  throughout  the  year.  This  sample  was  tested  four 
days  from  the  time  of  collection  and  was  obtained  through  the 
courtesy  of  Prof.  Chas.  F.  Mabery. 

No.  2.  Water  from  a  spring  in  one  of  the  public  parks  of 
the  city  of  New  Haven,  known  as  "  Cold  Spnng."  The  for- 
mation immediately  adjacent  to  the  spring  is  red  sandstone,  and 
the  temperature  of  this  spring  on  September  5,  1904,  was  52® 
Fahr.     The  flow  is  small. 

No.  3.  Water  of  the  city  supply  in  New  Haven,  drawn 
from  the  pipes  in  the  laboratory. 

The  radio-activity  of  the  gases  from  these  samples  is  given 
in  the  table  which  follows : 


Table. 

Sample 
No. 

1 

9 

3 

Liters 
taken. 

8-9 
8-9 
8-9 

Leak 
measured. 

9-01 
0-61 
00036 

Leak 
per  liter.        I. 

1-11        63-22 

0-068       

0-0004     

lo. 

128-6       calculated. 
3*9        measured. 
0-026          " 

The  leak  is  expressed  in  divisions  per  minute,  the  values  of 
I  and  lo  are  expressed  in  terms  of  grams  uranium  X 10"*  per 
liter  of  water.  The  value  given  for  No.  3  is  the  mean  of 
three  separate  deteriiii nations.  The  value  of  the  constant,  «, 
employed  in  the  calculation  was  tliat  determined  by  Bumstead 
and  Wliecler. 
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Samples  Nos.  1  aud  2  were  tested  for  radium  salts  in  solu- 
tion with  negative  results.  It  has  been  shown  by  Bumstead 
and  Wheeler  that  no  radium  salts  are  present  in  the  New 
Haven  water  (No.  3). 

The  radio-active  properties  of  the  gases  from  the  first  two 
samples  were  carefully  examined  and  were  found  to  corre- 
spond with  those  of  the  radium  emanation.  The  activity  fell 
to  one-half  in  approximately  four  days  and  the  rate  of  decay 
of  the  excited  activity  agreed  witli  that  of  the  "  emanation  X  " 
from  radium. 

Origin  of  the  JRadio-active  Properties, 

The  following  experiments  were  carried  out  with  a  view  to 
determining  the  possible  source  of  the  radio-active  properties 
in  the  waters. 

A  quantity  of  uranium  minerals  was  pulverized  in  an  iron 
mortar  and  passed  through  a  100-mesh  sieve.  The  minerals 
consisted  chiefly  of  uranophane,  but  contained  also  some  gura- 
mite,  autunite  and  a  small  quantity  of  uraninite.  The  greater 
quantity  of  the  material  represented  the  final  decomposition- 
product  of  uraninite  when  subjected  to  the  action  of  percola- 
ting waters.  The  material  taken  weiglied  80  grams.  It  was 
placed  in  a  flask  and  about  500'*^  of  distilled  water  were 
poured  over  it.  The  contents  of  the  flask  were  mixed 
thoroughly  and  allowed  to  stand,  with  occasional  shaking,  for 
about  twenty-four  hours.  Some  of  the  mineral  was  in  such  a 
line  state  of  division  that  tlie  water  remained  very  turbid  after 
standing  undisturbed  over  night. 

The  mineral  was  filtered  off  on  a  Buchner  filter  and  the 
filtrate  was  boiled  (to  expel  emanation).  The  water  was 
cooled,  introduced  into  a  two-liter  bottle  with  glass  stopper, 
diluted  with  distilled  water  until  the  bottle  was  quite  full  and 
the  stopper  tightly  inserted.  The  water  was  allowed  to  stand 
for  four  days,  and  the  ga^^es  which  it  contained  were  then 
boiled  off  and  tested  in  the  electroscope.  The  activity  of  the 
gas  was  equivalent  to  0'016  division  per  minute. 

After  filtering  off  the  water  as  described  above,  the  pow- 
dered minerals  were  washed  twice  with  distilled  water  and  the 
excess  of  water  removed  by  suction.  100"  of  cold  distilled 
water  were  then  poured  over  the  mass  on  the  filter  and  drawn 
through  it,  this  filtrate  being  separately  collected.  The  filtrate 
was  allowed  to  stand  in  an  open  beaker  for  one-half  hour  and 
was  then  boiled,  the  gases  given  off  being  collected  and  intro- 
duced into  the  electroscope.  The  leak  at  the  end  of  three 
hours  was  0*24:0  division  per  minute. 

The  mineral  powder  on  the  filter  was  washed  back  into  the 
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flask  and  about  500"'  of  water  added.  The  water  was  boiled 
for  three  hours.  The  mineral  was  tlien  filtered  off  and  the 
filtrate  boiled  for  one-half  hour.  The  filtrate  was  diluted, 
sealed  up  for  four  days  and  then  boiled  again.  The  gases 
given  off  were  tested  for  radio-activity  in  tlie  electroscope  and 
the  observed  leak  was  0*034  division  per  minute. 

About  80  grams  of  the  same  mineral  mixture  but  in  coarser 
powder  had  been  shut  up  in  a  flask  for  about  eight  days.  A 
sample  of  the  gas  in  the  flask  withdrawn  and  separately  tested 
showed  that  the  total  accumulated  emanation  in  the  flask  had 
an  activity  equivalent  to  approximately  1700  divisions  per 
minute.  I'hc  gas  was  drawn  from  the  flask  into  a  4-liter  bot- 
tle by  allowing  the  water  with  which  the  bottle  was  filled  to 
run  out  until  only  about  two  liters  remained.  The  bottle  was 
then  closed  and  shaken  vigorously  for  about  five  minutes,  and 
was  then  allowed  to  stand  undisturbed  for  about  thirtv  min- 
utes. Water  was  then  run  into  the  bottle  until  all  of  the  gas 
was  displaced,  the  gas  being  collected  in  a  second  bottle  (see 
belowV  Care  was  taken  to  remove  any  small  bubbles  of  gas 
adhenng  to  the  neck  of  the  bottle,  and  the  water  it  contained 
was  then  introduced  into  the  boiling  can.  The  gases  were 
boiled  out  of  the  water  and  tested  in  the  electroscope.  The 
activity  of  the  gas  obtained  was  equivalent  to  80  divisions  per 
minute. 

The  second  bottle  mentioned  above,  having  a  capacity  of 
four  liters,  was  filled  one-half  full  of  the  gas  from  the  first 
bottle,  the  gas  being  introduced  at  the  top,  while  the  water 
with  which  it  was  at  first  filled  was  permitted  to  flow  out 
through  a  tube  reaching  to  the  bottom.  Care  was  taken  to 
avoid  any  agitation  of  the  water  and  the  gas  was  allowed  to 
stand  in  contact  with  it  for  about  two  hours.  The.  bottle  was 
then  completely  filled  with  water  by  means  of  a  tube  reaching 
to  the  bottom  and  the  gas  was  displaced.     The  activity  of  the 

fjas  obtained  from  the  water  on  boiling  was  equivalent  to  a 
eak  of  0*40  division  per  minute. 

Summary/. 

From  the  results  of  these  experiments  it  is  apparent  that  by 
the  action  of  cold,  pure  water  on  the  uranium  minerals  used 
only  a  very  slight  trace  of  the  radium  contained  in  them  is 
dissolved.  The  action  of  hot  water  is  only  slightly  greater 
than  that  of  cold  water.  Even  brief  contact  with  uranium 
minerals  can  impart  to  water  very  marked  radio-active  proper- 
ties due  to  dissolved  radium  emanation.  Water  can  also 
acquire  very  readily  measurable  quantities  of  radium  emana- 
tion l)y  simple  contact  with  gaseous  mixtures  containing  the 
emanation. 
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On  applying  these  data  to  the  occurrence  of  natural  radio- 
active waters,  it  would  seem  as  if  all  the  observed  facts  could 
be  readily  explained.  An  extremely  minute  trace  of  uranium 
minerals  in  the  rocks  and  soil  through  which  the  waters  perco- 
late in  their  underground  passage  would  be  sufficient  to  impart 
to  them  radio-active  properties,  which  could  be  readily  detected 
by  the  sensitive  method  at  command.  It  can  be  anticipated 
that  waters  which  rise  through  strata  containing  appreciable 
quantities  of  uranium  minerals  will  be  found  more  highly 
radio-active  than  any  which  have  thus  far  been  described. 
The  results  obtained  from  the  examination  of  waters  from 
springs  in  well-known  uranium  localities  can  be  looked  forward 
to  with  interest. 

In  those  cases,  at  Bath  and  at  Baden-Baden,  where  the 
waters  have  been  found  to  carry  traces  of  radium  in  solu- 
tion, it  can  safely  be  assumed  that  the  decomposing  action 
of  the  waters  due  to  their  high  temperature  is  still  further 
increased  by  the  pressure  and  by  the  fact  that  they  contain 
various  chemical  substances  in  solution.  These  latter,  while 
they  promote  the  decomposition  of  minerals,  may  also  retard 
the  removal  of  the  radium  through  the  formation  of  insoluble 
sulphates,  phosphates,  etc.  The  fact  that  these  waters  on  reach- 
ing the  surface  almost  immediately  deposit  the  greater  portion 
of  their  radium  is  indicative  of  the  difficulty  with  which  that 
element  is  retained  in  solution. 

In  view  of  the  extraordinary  sensitiveness  of  the  radio-active 
test  for  the  radium  emanation,  it  is  very  Kur{)rising  that  sam- 

Eles  of  gases  from  four  of  the  sprhigs  examined  by  Curie  and 
•aborde  were  found  by  them  to  be  quite  inactive. 

139  Orange  St.,  New  Haven,  Conn., 
October  11,  1904. 
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SCIENTIFIC   INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Athlon  of  RcKiium  Emanationg  on  Diamond.  — 
Having  previously  shown  that  diamonds,  when  exposed  to  the 
impact  of  radiant  matter  in  a  high  vacuum,  become  blackened 
from  a  superficial  coating  of  graphite,  Sir  William  Cbookbs  has 
recently  experimented  upon  the  action  of  the  rays  from  radium 
upon  these  gems.  Two  diamonds  having  the  same  pale  yellow 
color  were  selected,  and  one  of  them  was  kept  for  a  fortnight 
close  to  a  quartz  tube  containing  15  mg.  of  radium  bromide  sealed 
in  vacuo.  Comparison  of  the  exposed  diamond  with  the  one  not 
exposed  showed  no  appreciable  difference  in  color,  and  the  same 
result  was  obtained  after  six  weeks  of  exposure.  The  diamond 
phosphoresced  brightly  and  continued  to  glow  during  the  whole 
period  of  the  experiment.  The  previously  exposed  diamond  was 
now  put  inside  a  tube  with  radium  bromide,  the  salt  tonchiog  it 
on  all  sides,  as  it  was  thought  possible  that  a  screen  of  quarts 
might  interfere  with  the  passage  of  emanations  which  would  act 
on  the  diamond.  After  a  continuation  of  this  exposure  for  seventy- 
eight  days,  the  diamond  had  a  darker  appearance  than  the  one 
reserved  for  comparison,  and  it  showed  a  bluish  green  tint  with 
no  apparent  yellow  color.  It  thus  appears  that  radium  emana- 
tions, which  darken  glass  in  a  marked  manner,  and  quartz  to  a 
slighter  extent,  are  also  capable  of  darkening  the  diamond.  The 
exposed  diamond  was  now  treated  for  ten  days  with  mixtures  of 
the  strongest  nitric  acid  and  potassium  chlorate,  for  the  purpose 
of  testing  for  a  superficial  formation  of  graphite.  It  was  evident 
that  graphite  had  been  present,  for  the  diamond  lost  its  dull  sur- 
face color  and  was  as  bright  and  transparent  as  the  other  stone, 
but  its  tint  had  changed  from  yellow  to  a  pale  blue-green. 

The  conclusion  is  reached  that  the  radium  emanations  have  a 
double  action  on  the  diamond.  The  ^-rays  ^electrons)  exert  a 
superficial  darkening,  converting  the  surface  into  graphite  in  a 
manner  similar  to,  but  less  strongly  than,  the  more  intense  elec- 
trons in  the  cathode  stream.  But  the  alteration  of  the  body  color 
of  the  stone  by  emanations  which  are  obstructed  by  the  thinnest 
film  of  solid  matter,  even  by  a  piece  of  thin  paper,  is  not  so  easy 
to  understand.  It  is  believed  that  the  alteration  of  color  is  a 
secondary  effect,  connected  with  the  extremely  phosphorescent 
state  of  the  diamond  during  its  exposure.  It  is  not  difficult  to 
suppose  that  a  chemical  as  well  as  a  physical  action  may  result 
If  the  yellow  color  is  due  to  iron  in  the  ferric  state,  a  reduction 
to  the  ferrous  state  would  account  for  the  change  of  color  to  a 
piile  blue-green.  This  alteration  of  color  may  be  of  commercial 
importance  in  treating  "off  color"  stones. 

After  the  exposed  diamond  had  been  treated  for  ten  days  with 
the  acid  mixture,  it  was  carried  about  with  its  unexposed  com- 
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panion  for  about  twenty-five  days,  and  then  both  were  laid 
together  on  a  sensitive  film  for  twenty-foar  hours.  On  develop- 
ment, the  exposed  diamond  was  found  to  have  impressed  a  strong 
image  on  the  film,  but  only  a  faint  mark  could  be  seen  where  the 
other  stone  had  been.  A  repetition  of  the  experiment  confirmed 
the  result. —  Chem,  News,  xc,  1.  h.  l.  w. 

2.  Radio-active  Lead,  JiadiO'telluriuw,  and  Polonium,  — 
DsBfSRNB  has  arrived  at  the  conclusion  that  the  radio-active  lead 
of  Hofmann  and  Strauss  and  the  radio-tellurium  of  Marckwald 
are  identical  with  M.  and  Mdme.  Curie's  polonium.  The  radia- 
tion of  polonium  is  distinct  from  that  of  uranium,  thorium,  radium 
and  actinium,  and  consists  entirely  of  the  almost  non -penetrating 
a-rays,  which  are  only  slightly  affected  by  a  magnet.  The  radio- 
active substances  which  accompany  bismuth,  lead,  and  tellurium 
are  all  precipitated  from  acid  solutions  by  hydrogen  sulphide,  and 
they  have  all  been  derived  from  pitchblende. 

Having  at  his  disposal  a  large  amount  of  the  residues  from  the 
extraction  of  radium,  Debierne  tried  to  obtain  ratio-active  lead. 
The  lead  nitrate  obtained  had  a  radio-activity  only  about  twice 
that  of  uranium.  Recrvstallization  of  this  nitrate  was  not  effec- 
tive  in  concentrating  the  radio-active  substance,  but  when  a  large 
excess  of  hydrochloric  acid  was  added  to  a  concentrated  solution 
of  this  nitrate,  lead  chloride  crystallized  out,  leaving  nearly  all 
the  radio-activity  in  solution.  By  repeating  this  operation  several 
times  the  non-active  lead  chloride  was  eliminated,  and  the  greater 
part  of  the  activity  was  concentrated  in  a  small  quantity  of  matter. 
This  portion,  consisting  chiefly  of  lead,  was  purified  from  small 
traces  of  copper  and  iron,  and  then  transformed  into  nitrate. 
Upon  adding  the  concentrated,  slightly  acid,  solution  of  this 
nitrate  to  a  large  quantity  of  water,  a  very  slight  precipitate  of 
basic  bismuth  nitrate  was  formed,  which  contained  neaMy  all  the 
radio-activity,  and  corresponded  to  very  active  poloniferous  bis- 
math.  The  active  matter  thus  obtained  also  showed  all  the  pro- 
perties of  radio-tellurium;  its  solution  gave  an  active  precipitate 
with  stannous  chloride,  and  an  extremely  radio-active  coating 
upon  a  thin  piece  of  metallic  bismuth. 

It  is  thus  seen  that  the  same  radio-active  substance  shows  suc- 
cessively properties  characteristic  of  radio-active  lead,  polonium, 
and  radio-tellurium.  The  conclusion  to  be  drawn  is  that  there  is  no 
distinction  between  these  three  bodies,  and  it  is  evident  from  these 
experiments  that  a  radio-active  substance  cannot  be  identified  by 
chemical  reactions,  since  analytical  separations  merely  cause  it 
to  be  shared  among  the  different  fractions.  The  only  certain  test 
is  the  nature  of  the  radio-activity,  and  the  identity  of  the  radia- 
tions given  by  polonium,  radio-active  lead  and  tellurium  would  in 
itself  predict  the  results  that  have  been  reached. 

Circumstances  were  such  that  the  lead  nitrate  used  in  these 
investigations  was  kept  for  three  years  before  the  work  was  com- 
pleted. During  this  time  it  retained  all  of  its  feeble  activity, 
although  samples  of  polonium  prepared  from  it  gradually  lost 
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thin  property.  The  author  believes  that  the  eonstancT  of  the 
actiTity  must  depend  apoa  external  conditiona  which  it  will  be 
YeTY  important  to  determine,  and  he  ffaggests  the  poMbilitr  that 
an jer  certain  conditions  the  activity  of  other  sabstances,  such  as 
araniam,  thorinm,  radium,  and  actinium,  will  diminish  and  dis- 
appear in  the  $^me  manner  as  that  of  poloninm. —  Compits  jRet^ 
duSj  cxxzix,  2>^3.  h.  i.  w. 

3.  Cotkdensation  of  Helium  and  Hydrogen  by  Charcoal, — 
Aa  a  continuation  of  his  studies  on  the  condensation  of  gases  by 
charcoal,*  Sib  James  Dewab  has  obtained  some  interesting 
results  with  hydrogen  and  helium.  Two  discharge-tabes;,  pro- 
Tided  with  small  condensers  containing  1  or  2  g.  of  wood  char- 
coal were  filled,  one  with  hydrogen  and  the  other  with  helium  at 
atmospheric  pref^sure.  The  little  charcoal  condensers  were  now 
plunged  into  liquid  hydrogen,  with  the  result  that  the  vacuum 
became  so  high  that  no  electric  discharge  would  pass  in  the  tube 
filled  with  hydrogen,  while  in  the  tube  containing  helium  the 
vacuum  was  high  enough  to  obtain  the  phenomenon  of  phospho- 
rescence under  the  action  of  the  discharge.  Two  similar  tubes 
containing  helium  from  different  sources  were  then  subjected  to 
the  action  of  liquid  hydrogen  boiling  under  exhaustion,  which 
produced  a  temperature  of  15^  absolute.  In  each  case  the 
vacuum  resulting  from  the  occlusion  of  the  helium  was  so  high 
that  a  coil  giving  a  spark  of  4^°^  in  air  had  to  be  used  to  obtain 
an  intermittent  phosphorescent  discharge.  From  comparative 
experiments  with  hydrogen  and  helium  it  is  concluded  that  the 
boiling  point  of  helium  is  about  6°  absolute. —  Compter  lUndfts^ 
cxxxix,  421.  H.  L.  w. 

4.  Die  Riechstoffe;  von  Dr.  Geobg  Cohen.  8vo,  pp.  219. 
Braunschweig,  1904  (Vieweg  und  Sohn). — This  book  deals  with 
those  organic  products — synthetical  and  natural — that  are  dis- 
tinguished by  some  characteristic  odor,  particularly  those  which 
have  found  commercial  application  in  the  manufacture  of  per- 
fumes. A  great  number  of  synthetical  products  are  described, 
including  alcohols,  ethers,  esters,  aldehydes,  ketones,  and  bases  ; 
and  the  reactions  by  which  each  class  can  be  identified  are  dis- 
cussed. A  part  of  the  book  is  devoted  to  tables  relating  to  the 
numerous  ethereal  oils  ;  their  physical  constants  and  chemical 
compositions  are  given,  together  with  the  names  of  the  plants 
from  which  the  oils  are  obtained.  A  short  discussion  of  the  rela- 
tion between  odor  and  chemical  constitution  is  also  given.  The 
references  to  patent  literature  are  very  full.  While  the  book 
will  be  of  little  interest  to  the  theoretical  chemist,  it  will  be  of 
use  to  the  technical  chemist  who  is  interested  in  the  manufacture 
of  perfumes.  T.  b.  j. 

5.  Volumetric  Anali/sis  ;  by  Francis  Sutton.  Ninth  edi- 
tion, revised  and  enlar<red.  8vo,  pp.  617.  Philadelphia,  1904 
(P.  Jilakiston's  Son  &>  Co.). — This  standard  work  on  volumetric 
aiialvrtis  is  so  universally  known  among  English-speaking  chemists 

*  See  this  volume,  pp.  290  and  295. 
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that  the  appearance  of  this  new  edition  reqaires  no  comment, 
except  the  statement  that  it  contains  some  important  changes 
and  additions.  h.  l.  w. 

6.  Emanation  of  Madinm,  —  Sir  William  Ramsat  from  a 
carefni  study  of  this  emanation  concludes  that  it  hehaves  like  an 
ordinary  gas  resembling  the  gases  of  the  argon  family.  It  is 
luminous  and  obeys  Boyle's  law.  A  table  of  wave  lengths  of  its 
spectrum  is  given.  The  gas  is  ])robably  monatomic  with  a  density 
of  about  80  and  an  atomic  wei«j:ht  of  100.  Its  electrons  cannot 
be  made  to  penetrate  other  bodies.  The  name  Exradio  is  pro- 
posed for  this  gas. —  Comptes  liendus,  June  6,  1904,  pp.  )388- 
1394.  .1.  T. 

7.  Emanations — Radlatioia. — Berth klot  suggests  that  sur- 
face films  of  volatile  substances  may  account  for  many  of  the 
observed  phenomena  of  radio-activity.  In  this  connection  the 
smell  of  metals  is  significant. —  Comptes  Rendus^  June  20,  1904, 
pi».  1553-1555.  J.  T. 

8.  Conduction  of  Electricity  through  high  Vacua, — Hon.  R. 
J.  Strutt  believes  from  his  experiments  that,  even  in  high  vacua, 
there  is  a  loss  of  electricity  from  a  charged  body,  in  j)re8ence  of 
the  a-rays,  independent  of  traces  of  residual  gas.  A  rod  of  bis- 
muth was  made  radio-actjve  by  a  deposit  of  radio-tellurium  which 
emitted  a-rays  only.  The  rod  was  attached  to  an  electroscope. 
The  exhaustion  was  pushed  to  the  degree  that  no  discharge  could 
be  forced  through  a  Runtgen  tube  connected  with  the  apparatus. 
The  leak  seemed  to  be  distinct  from  that  which  is  due  to  the  ordi- 
nary ionization  of  gases.  The  author  believes  that  the  leak 
results  from  the  particles  torn  off  from  the  bismuth  by  the  issuing 
a-ray.  No  details  are  given  in  regard  to  the  character  of  sus- 
pension of  the  rod. —  Phil,  Mag.^  Aug.,  1904,  pp.  157-158.    J.  t. 

9.  Negative  Ions  from  Heated  Metals  and  Oxides,  —  Many 
observers  have  studied  the  formation  of  positive  or  negative 
ions  on  heated  metals.  A.  Weuxelt  has  shown  that  not  only 
metals  but  a  large  number  of  metallic  oxides  possess  the  same 
property  and  to  a  much  higher  degree  than  the  metals.  He  con- 
tinues his  investigation  in  this  article  and  sums  up  his  results  as 
follows  : 

If  platinum  foil  is  covered  with  the  oxides  of  the  earth  alkali 
(Ca,  Baand  Sr)  the  cathode  fall  of  potential  is  much  lessened,  from 
the  numerous  negative  ions  which  are  emitted.  It  was  found  at 
atmospheric  pressure  that  negative  ions  issued  even  at  a  dark  red 
heat  from  the  oxides,  while  pure  platinum  held  negative  ions 
even  at  a  very  high  temperature.  In  a  vacuum  the  oxides  and 
also  pure  platinum  emitted  negative  ions,  the  number  of  which 
increased  with  the  temperature.  With  the  oxides  the  number  of 
ions  was  1000  times  greater  than  with  platinum.  Calculation 
showed  that  the  negative  ions  per  volume-unit  of  the  metallic 
oxide  are  100  times  greater  than  the  number  of  the  molecules  in 
the  same  volume,  so  that  one  must  assume  that  to  each  molecule 
of  the  oxide  numerous  negative  ions  are  combined.     The  lessen- 
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ing  of  the  cathode  fall  when  glowing  metallic  oxides  are  lued  » 
due  to  emission  of  negative  iona.  By  means  of  this  property  of 
emission  very  strong  corrents  can  be  sent  through  a  gas  eren  at 
low  pressures. — Ann,  der  Phygiky  No.  8,  1904,  pp.  425--468w 

J.  T. 

10.  JSUctro-chemical  Elquivalent  of  Silver. — Determinations  of 
this  constant  has  been  made  by  the  following  observers: 

Mascart 0*011156 

F.  and  W.  Kohlraosch 0-011183 

Lord  Rayleigh  and  Mrs.  Sidgwick 0*01 1 1 79 

Pellat  and  Potier 0011192 

Kahle 0-011183 

Patterson  and  Gathe 0*011192 

Pellat  and  Leduc 0-011195 

The  last  determination  with,  it  is  claimed,  more  accurate  determi- 
nations of  the  horizontal  intensity  of  the  earth's  magnetism,  the 
strength  of  the  electrical  current  and  the  time,  has  been  made  by 
G.  Vax  Duk  and  J.  Kunst,  who  have  obtained  the  value 

a  =  0,  0111823  ±  0*0000004  (m.F.) 
From  the  agreement  of  observations,  this  result  is  claimed  to  be 
accurate  to  x^r.VinF- — -^w-  <^^^  Phf/siky  No.  8, 1904,  pp.  569-577. 

J.  T. 

11.  Electric  Effect  of  Rotating  a  Dielectric  in  a  Magnetic 
Field.  —  According  to  Maxwell's  Electromagnetic  Theory,  an 
electromotive  force  should  be  induced  in  a  dielectric  and  its 
amount— according  to  Lamor  and  Lorentz — should  be  (I— K"') 
times  that  in  a  conductor,  K  being  the  permittivity  of  the  dielec- 
tric. H.  A.  Wilson  has  shown  the  existence  of  this  effect  br 
rotating  a  hollow  cylinder  of  ebonite  in  a  magnetic  field,  parallel 
to  the  axis  of  the  cylinder,  with  suitable  conducting  brushes,  the 
results  of  the  experiment  were  as  follows  : 

(1)  A  radial  electric  displacement,  is  produced  in  the  dielectric 
when  it  is  rotated  in  a  magnetic  field  parallel  to  the  axis  of  revo- 
lution. 

(2)  The  direction  of  the  displacement  is  the  same  as  is  pro- 
duced in  a  conductor. 

(3)  The  displacement  is  proportional  to  the  magnetic  field  and 
to  the  rate  of  revolution. 

(4)  The  amount  of  the  displacement  agrees  with  that  calcn- 
lated  on  the  assumption  that  the  induced  E.M.F.  in  the  dielectric 
is  equal  to  that  in  a  conductor  multiplied  by  (1— K~*). — Proe, 
Roy.  JSoc,  June  22,  1004,  pp.  490-492.  j.  t. 

12.  A  Radio-active  Gas  from  Crude  Petroleum. — E.  F.  Burton 
shows  that  fresh  crude  petroleum  contains  a  strongly  radio-active 
gas  similar  in  its  rate  of  decay  and  in  that  of  the  induced  radio- 
activity to  the  emanation  from  radium  and  to  the  emanations 
obtained  by  various  experimenters  from  mercury  and  from  certain 
waters  fresh  from  the  earth.  This  radio-active  gas  decays 
approximately  according  to  an  exponential  law,  falling  to  half 
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value  in  3' 125  days.  It  produces  an  induced  radio-activity,  whose 
rate  of  decay  is  such  that  it  falls  to  a  half  value  in  about  85 
minutes.  There  are  indications  of  the  existence  in  crude  petro- 
leum of  slight^  traces  of  a  radio-active  substance  more  persistent 
than  the  radium  emanation. — PhiL  Mag,^  October,  1904,  pp. 
498-508. 

13.  Absorption  of  Water  Vapor  in  the  Infra-red  Solar  Spec- 
trum,— F.  E.  FowLE,  Jr.,  in  No.  1,  vol.  II,  of  the  Quarterly  issue 
of  the  Smithsonian  Miscellaneous  Collection,  details  the  results  of 
a  holographic  study,  made  at  the  Smithsonian  Astrophysical 
Observatory,  of  the  absorption  of  water  vapor  in  the  infra-red 
region  of  the  solar  spectrum.  It  is  shown  that  "  the  selective 
absorption  of  water  vapor,  within  the  range  of  densities  ob- 
served, seems  to  depend  only  on  the  amount  of  the  absorbent 
present  and  is  well  expressed  by  Bouguer's  formula.  In  other 
words,  the  absorption  produced  by  a  given  quantity  of  water  in 
the  form  of  vapor,  is  the  same  whether  the  ])ath  is  great  through 
a  small  density  or  vice  versa.  Considering  successive  bands,  for 
example  0-81 /t,  par,  *,  ^,  D,  it  may  be  noted  that  the  selective 
absorption  of  water  vapor  is  not  greatest  like  the  general  absorp- 
tion at  the  shorter  wave-lengths,  but  increases  as  the  wave-lengths 
of  the  bands  increase.  It  varies  from  10  per  cent  in  the  more 
shallow  bands  near  A,  at  O'^G/x,  to  nearly  100  per  cent  in  the 
bottom  of  O  at  1*80^^  when  only  on  exceedingly  dry  days  is  much 
indication  of  energy  detected.  However,  in  the  separate  bands 
themselves,  when  the  increase  in  absorption  on  reaching  the  bands 
from  the  shorter  wave  lengths  side  is  quite  sudden,  the  absorp- 
tion then  more  slowly  decreases  like  the  general  absorption  with 
increasing  wave  lengths." 

14.  On  the  Action  of  Wood  on  a  Photographic  Plate  in  the 
Dark,  —  Continuing  his  work  on  the  action  of  various  sub- 
stances upon  a  photographic  plate,  W.  J.  Russell  shows  that 
this  property  probably  belongs  to  all  wood,  some  kinds,  however, 
being  much  more  active  than  others.  The  sample  of  wood  must 
remain  in  contact  with,  or  at  a  little  distance  from,  the  sensitive 
plate  for  a  time  varying  from  30  minutes  to  18  hours;  the  tem- 
perature must  not  be  above  55°  C.  The  wood  of  conifers  is  very 
active  and  gives  definite  pictures.  A  section  of  a  branch  of 
Scotch  fir  gave  an  excellent  picture  showing  the  rings  of  both 
spring  and  autumn  growth  ;  the  former  were  very  active  and 
produced  dark  rings  in  the  picture,  the  latter  were  inactive.  If, 
as  has  been  suggested,  hydrogen  peroxide,  present  in  the  resin, 
is  the  cause  of  the  action,  it  is  necessary  to  assume  that  the  resin 
in  the  dark  (autumn)  rings  is  under  such  conditions  that  it  cannot 
escape. 

Pine  wood  acted  in  the  same  way  as  the  fir  ;  also  the  spruces, 
but  with  them  the  action  is  less  definite  and  sharply  marked,  and 
in  some  cases  the  dark  rings  were  also  active.  With  larch  wood 
the  picture  is  the  reverse  of  that  of  the  fir,  the  dark  rings  being 
active,  the  light  rings  inactive.     Of   other  woods,  oak,  beech. 
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acacia,  Spanish  chestnut  and  sycamore  were  active,  while  the 
ash,  elm,  horse  chestnut  and  plane  wood  were  comparatiTely  but 
slightly  active.  Exposure  to  bright  sunlight  for  a  short  time  (5 
to  10  minutes)  served  to  intensify  to  a  high  degree  the  action  of 
the  active  parts  ;  this  is  true  of  all  wood.  This  increased  action 
lingers  for  a  considerable  time  ;  red  glass,  however,  prevents  this 
increase  of  activity. — Proc.  Hoy.  SoCy  Ixxiv,  131. 

I.    Geology  and  Mineralogy. 

1.  U,  S.  Geological  Survef/.  —  The  following  publications  have 
recently  been  issued : 

Latrobb  Folio,  Penn.,  No.  110;  by  M.  R.  Campbell.  The 
Latrobe  district  is  in  the  midst  of  the  Pennsvlvania  coal  area  and 
its  general  geologic  structure  and  economic  importance  have  long 
been  known.  There  is,  however,  little  discussion  of  physio- 
graphic history  in  the  Pennsylvania  reports,  and  it  is  particularly 
in  this  regard  that  the  recent  work  of  Mr.  Campbell  adds  to  our 
knowledge  of  Western  Pennsylvania. 

The  Schooley  peneplain  is  recognized  in  the  summit  of  Chest- 
nut Uidge.  The  Ilarrisburg  peneplain,  cut  in  the  Schooley  plain 
when  the  land  stood  1200  feet  lower  than  at  present,  is  recognized 
here  as  well  as  in  the  Monongahela  and  Susquehanna  Valleys. 
The  Harrisburg  peneplain  is  Early  Tertiary.  A  still  lower  level 
is  described  as  the  Worthington  peneplain.  The  broad  valley 
floor  of  the  Coneraaugh,  which  is  such  a  conspicuous  feature 
between  Blairsville  and  Tunnelton,  is  found  to  correspond  to  sim- 
ilar features  on  the  Monongahela,  Foughioheny  and  Allegheny 
rivers,  and  to  date  from  pre-Quaternary  times.  This  feature  is 
described  as  the  Parker  strath.  The  abandoned  channels  and  ox- 
bows of  these  rivers  are  believed  to  be  the  results  of  ice  dams  in 
early  Glacial  time,  and  not  connected  with  the  draining  of  Lake 
Monongahela  as  suggested  by  Dr.  I.  C.  White.  The  streams  of 
this  district  flowed  directly  toward  the  ice  front  and  with  the 
advent  of  spring  the  ice  melted  first  at  the  head  of  the  stream. 
There  was  thus  opportunity  for  many  ice  dams,  temporary,  or 
even  continuing  through  several  seasons.  This  hypothesis 
accounts  for  many  abandoned  channels  in  Western  Pennsylvania, 
which  otherwise  are  inexplicable. 

Zinc  and  Lead  Deposits  of  Nortfiern  Arkansas  :  by 
George  I.  Adams,  assisted  by  A.  II.  Purdue  and  K.  F.  Bur- 
chard  ;  with  a  section  on  the  Determixation  and  Correla- 
tion of  Formations,  by  E.  O.  Ulrich,  115  pp.,  27  pis.,  6  fign.. 
Professional  Paper  No.  24.  In  addition  to  the  economic  study 
of  the  lead  and  zinc  de])0sits  of  northern  Arkansas,  Mr.  Georgk 
I.  Adams  presents  a  sketch  on  the  geologic  and  physiographic 
history  of  that  region.  A  number  of  faults  already  noticed  by 
the  Arkansas  geological  survey  are  described  and  proof  given 
that  thev  are  normal  faults  and  not  thrust  faults,  as  considered 
by  Branner.     A  description  is  given  of  the  brecciated  dolomite 
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of  the  Yellville  formation.  The  hreceiation  is  helieved  to  he 
dae  to  pressure  induced  at  the  time  of  the  folding  in  the  Ouachita 
Mountain  Ranges.  Movements  which  resulted  in  folding  and 
thrust- faulting  in  the  Ouachita  Mountains  and  open  folding  in 
the  Arkansas  Valley  region  are  represented  in  the  southern  por- 
tion of  the  Ozark  district  by  hreceiation  of  individual  beds  with- 
out disturbing  their  horizontal  position. 

A  Geological  Reconnaissance  across  the  Bittkrroot 
Range  and  Clearwater  Mountains  in  Montana  and  Idaho; 
by  Waldemar  LiNDGREN.  J 10  pp.  15  pis.  8  figs.  Professional 
Paper  No.  27. — The  Bitterroot  Valley  is  one  of  the  most  striking 
typographic  features  in  the  western  part  of  the  United  States.  It 
is  two  to  nine  miles  broad,  runs  almost  exactly  north  and  south, 
and  is  depressed  5,000  feet  below  the  dee])ly  incised  Bitterroot 
Range  to  the  west.  The  structure  of  this  valley  and  of  the 
adjoining  mountains  has  been  worked  out  by  Mr.  Lindgren,  and 
shows  some  remarkable  and  unique  facts.  The  depression  owes 
its  existence  to  the  normal  fault,  but  the  essential  feature  of  this 
dislocation  is  the  fact  that  the  fault  plane  corresponds  with  the 
schistosity  and  jointing,  so  that  there  is  every  gradation  between 
the  molecular  and  molar  motions,  indicating  that  both  result 
from  the  same  forces.  In  the  sheared  zone  there  is  "  intimate 
and  inseparable  relation  between  schistosity  and  faulting."  The 
striated  slipping  planes  of  the  granite-schists  are  closelv  massed, 
as  many  as  twelve  of  them  sometimes  occurring  in  a  thickness  of 
one  inch.  This  locality  would  seem  to  be  an  excellent  one  to 
test  the  divergent  views  regarding  schistosity  and  jointing.  Mr. 
Lindgren  thinks  that  the  observations  of  the  Bitterroot  Range 
confirm  the  opinions  of  Mr.  G.  F.  Becker  :  that  there  is  no  essen- 
tial difference  between  jointing  cleavage  and  schistosity,  that 
they  may  both  be  produced  at  the  same  time,  and  that  molecu- 
lar movement  is  not  necessarily  confined  to  the  zone  of  flowage. 
The  Bitterroot  Range  forms  one  of  the  largest  glacial  areas 
known  in  the  Cordilleras.  Excellent  illustrations  of  U-shaped  val- 
leys, cirques,  and  various  glacial  deposits  occur  throughout  the 
Range. 

2.  Baraboo  Iron-hearinfj  JJiMvlct^  Wi'<consin  ;  by  Samuel 
Wkidman.  Wis.  Geol.  and  Nat.  Historv  Survev,  Bull.  No.  18,  171 
pp.,  23  pis.,  3  tigs.  The  Baraboo  district,  Wisconsin,  shows  an  inter- 
esting geological  series,  consisting  of  pre-Cambrian  igneous  and 
pre-Cambrian  sedimentary  and  of  Paleozoic  strata.  The  iron  ore 
IS  hematite  developed  from  original  limonite,  audit  is  an  interesting 
fact  that  the  ores  showed  no  surface  outcrop  but  were  found  by  drill- 
ing through  sandstone  and  drift.  In  order  to  get  at  the  iron  ore 
it  was  necessary  to  understand  the  geological  structure  of  the  pre- 
Cambrian  quartzite  (Baraboo).  A  detailed  study  of  the  quartzite 
shows  that  its  structure  consists  of  a  double  syncline,  on  the  top 
of  which  is  deposited  unconformably  Potsdam  sandstone.  The 
hypotheses  of  Irving,  and  later  of  Salisbury,  are  shown  not  to  be 
in  accordance  with  the  facts. 
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3.  Chemical  Survey  of  the  Waienof  lUimms  ;  b  j  A.  W.  Palxsi. 
243  pp.  52  plsu — ^The  factors  which  make  for  and  against  a 
factorr  water  sapplv  of  a  state  and  the  relation  of  geologic 
tore  to  these  factors  are  emphasised  bj  the  recent  report  of  the 
IlliDoifl  Water  Sarrev.  A  stndy  has  been  made  of  tbe  aanitarT 
condition  of  the  waters  of  lakes,  streams,  and  welk,  as  shown  bj 
460  anal  vsia.  Particalar  attention  has  been  dcToted  to  the  Uinou 
River  daring  1897-1902,  and  it  has  been  fonnd  that  the  waters  of 
that  stream,  where  they  enter  the  Mississippi,  contain  less  orgmaic 
matter  than  previoas  to  the  cocstmetion  of  the  Chicago  Saaitair 
Canal.  A  chapter  on  the  Geology  of  Illinois  as  related  to  iu 
water  supply  is  written  by  Professor  Rolfe. 

4.  Submerged  Tributary  of  the  Si.  iMwrtnce. — In  the  TrmnsM- 
tions  of  the  Royal  Society  of  Canada,  vol.  ix.  Section  iv,  pp.  143- 
147,  H.  S.  Poole  publishes  a  chart  and  description  of  an  ancient 
river  system  with  headwaters  in  Pictoa  Connty,  Nova Sooiia,  and 
receiving  important  tributaries  from  Prince  Edward,  Magdalen, 
and  Cape  Breton  L^lands.  The  river  follows  doaely  the  ridges 
of  hard  rock  near  shore,  and  submerged  monnds  snggest  a  oon* 
tinaation  seaward  of  the  Carboniferous  coast  terrace.  The  pres- 
ence of  this  river  maintaining  its  characteristic  featnrea  throagfa 
oeveral  sub-cycles  is  sufficient  to  account  for  the  absence  east  of 
Pictou  and  along  Cape  Breton  of  the  softer  members  of  the  Car- 
boniferous series,  without  assuming  fault  bonndariesL 

5.  Safids  and  Sediments  ;  by  T.  Mkllard  Rkads  and  Phiup 
Holland  (Proc.  Liverpool  Geo!.  Soc.,  1903-04,  pp.  3-20). — An 
investigation  has  been  begun  to  find  out  whether  there  exists  any 
relation  between  the  size  of  the  particles  or  grains  of  sand  and 
their  chemical  constituents  ;  also  the  degrree  of  minuteness  to 
which  particles  can  be  ultimately  reduced  by  natural  agencies, 
and  how,  and  in  what  way  this  takes  place.  These  investigations, 
when  completed,  will  indicate  in  some  degree  how  far  purely 
mechanical  sediments  may  be  carried  out  and  deposited  in  the 
ocean.  An  inquiry  is  also  being  made  into  the  question  of  the 
origin  of  limestone  by  the  deposition  of  infinitesimal  particles 
carried  out  from  the  land.  The  investigations  so  far  give  ^  hints 
of  the  possibility  of  deep-sea  limestone  being  formed  in  an  inor- 
ganic way." 

6.  PaUjBontologia  Univenalis, — The  writer  desires  to  call  the 
attention  of  American  Geologists  to  the  fact  that  this  very  impor- 
tant work  has  but  21  subscribers  in  the  United  States,  while  France 
has  63  and  Germany  96.  Certainly  the  geologists  and  geological 
libraries  of  this  country  are  not  yet  supplied  with  this  publica- 
tion. Fasciculi  I  and  II  have  been  issued;  these  contain  97  sheets 
redei^cribing  and  refiguring  46  of  the  old  and  little  known  species. 

It  is  intended  to  issue  annually  from  150  to  160  sheets,  treating 
of  about  80  species.  The  annual  subcription  price  is  $8.00.  Sub- 
cri|>tions  may  be  sent  to  G.  E.  Stechert,  No.  9  East  16th  street, 
New  York  City.  Those  persons  or  institutions  desiring  further 
information  regarding  this  work,  with  samples  of  the  plates,  will 
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be  supplied  on  application  to  Professor  Charles  Schuchert,  Yale 
University  Musem,  New  Haven,  Conn.       charles  schuchert. 

7.  Interferem-Eracheinungen  im  polarisirten  Licht ;  photo- 
ffraphisch  avfgenommen  ;  von  Dr.  Hans  HxuswALDTin  Magde- 
burg. Neae  Folge,  1904. — The  series  of  eighty  beautiful  plates 
contained  in  this  work  forms  a  very  valuable  aid  to  the  study  of 
the  behavior  of  crystal  sections  in  polarized  light,  in  fact  so  excel- 
lent are  the  photographic  reproductions  that,  except  for  the 
absence  of  color,  the  student  can  learn  almost  everything  from 
them  that  he  could  from  the  specimens  themselves.  This  work 
follows  the  **  Interferenz-erscheinungen  an  doppeltbrechenden 
Krystalle  im  convergenten  polarisirten  Licht"  published  two 
years  since  by  the  same  author,  while  still  further  plates  are 
promised  in  the  future.  The  plan  of  the  series  now  issued  has 
been  made  by  Professor  Liebisch  of  GOttingen,  to  whom  the  work 
is  dedicated  ;  Dr.  Siedentopf,  of  the  optical  works  of  Carl  Zeiss 
Id  Jena,  has  also  contributed  materially  to  the  success  of  the 
enterprise  in  various  directions.  The  execution  of  the  plates  (by 
Stndders  and  Kohl  of  Leipzig)  leaves  nothing  to  be  desired. 

A  complete  statement  of  all  that  is  given  in  this  series  would 
require  the  reproduction  in  full  of  the  table  of  contents.  The 
opening  plates  exhibit  the  axial  figures  for  several  species  (calcite, 
topaz,  gypsum,  albite)  in  converging  polarized  light  as  modified 
by  the  aperture  of  the  condenser  (C,  and  C,  with  num.  ap.=0'636 
and  1*  168  in  each  case).  Then  follow  a  number  of  plates  showing 
the  limiting  curves  of  the  complete  interference  figures  in  con- 
verging light  for  calcite  and  quartz  under  varying  conditions. 

The  influence  of  the  color  of  the  light  source  is  shown  for  cal- 
cite, quartz,  cerussite  and  titanite,  wave-lengths  of  620-720^1/*  and 
410-450fifi  respectively  being  used  in  each  case.  Other  plates 
show  the  dispersion  of  the  optic  axes  of  brookile  for  different 
colors  ;  the  effect  produced  by  the  combinations  of  mica  plates  of 
Reusch  and  of  Noerrenberg;  the  interference  bands  of  wedges  of 
birefringent  crystals  in  parallel  polarized  light ;  the  spectral  analy- 
sis of  the  interference  colors  of  sections  of  birefringent  crystals ; 
the  anomalous  optical  characters  of  beryl  and  the  peculiar  phenom- 
ena yielded  by  boracite,  leucite,  perofskite,  also  garnet,  milarite 
and  other  species.  Twin  structure  is  exhibited  for  numerous 
species  ;  also  spherolitic  structure  ;  further,  the  birefringent  phe- 
nomena called  out  in  glass  by  rapid  cooling  and  by  pressure,  and 
the  effect  of  change  of  temperature  and  pressure  in  the  case  of 
crystals  of  various  species.  Finally,  absorption  phenomena  are 
fully  illustrated. 

This  summary  will  serve  to  show  the  great  variety  of  phe- 
nomena exhibited  by  the  upwards  of  three  hundred  figures  of 
this  unique  work. 

8.  Tableau  syatematlque  des  Mineraux  classes  (Tappr^  leurs 
praprietes  chimiques  et  cristallographiques  ;  par  P.  Groth.  Dra- 
duitdela  qiiatrihne  edition  allemande  par  MM.  E.  JouKowsKYet 
F.  A.  Pkarck.    Avec  corrections  et  additions  de  I'auteur.    Preface 
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par  Loai«  Dupare.  Pp.  viii,  188.  GreDeva,  liMH  (Grebel,  Wendler 
A  Cie.f  ^ditenrg). — French  stodents  are  to  be  congratolated  in 
haviDg  placed  before  them  this  traDslation  of  Professor  GrothV 
admirable  work,  a  work  which  occupies  a  nnique  place  in  minen- 
logical  literature  and  which  has  exerted  a  great  inflaeoce  upon 
the  progress  of  the  science  since  the  pablication  of  the  first  edition 
thirty  years  since. 

9.  An  Introduction  to  the  Study  of  MtteoriU9^  with  a  list  o/tht 
Meteorites  represented  in  the  Collection  of  the  British  Museum 
of  Natural  History  on  January  i,  190J^  ;  by  L.  Flbtchkr.  Pp. 
109,  London,  1904. — The  last  edition  of  this  guide  to  the  meteo- 
rite collection  of  the  British  Masenm,  with  its  interesting  intro- 
duction, was  issued  in  1896.  Since  that  time  the  collection  has 
increased  notably,  the  total  number  of  specimens  recorded  at  the 
beginning  of  the  present  year  being  557. 

10.  Manual  of  tfie  Chemical  Analysis  of  Hocks;  by  H.  S. 
Washington.  Pp.  183,  8vo.  New  York,  1904  (John  Wiley  A 
Sons). — ^The  author  states  that  the  object  of  this  book  is  to  pre- 
sent to  chemists,  mining  engineers,  petrologists  and  others  who 
have  not  made  a  particular  study  of  quantitative  analysis,  a 
selection  of  methods  for  the  chemical  analysis  of  silicate*  rocks 
and  especially  those  of  igneous  origin.  There  are  probably  few 
branches  of  science  in  which  a  greater  amount  of  earnest,  well 
intentioned  work  has  been  done  in  the  last  twenty-five  years,  with 
so  much  that  is  inaccurate  and  of  little  value  in  resolts,  as  in 
petrography  in  the  making  of  rock  analyses.  They  have,  in 
targe  part,  been  made  by  beginners  or  by  those  having  little  skill, 
experience  or  knowledge  of  correct  methods,  with  a  correspond- 
ing loss  of  time  and  effort.  A  particularly  bad  feature  of  the 
case  is,  that  it  is  not  always  evident  or  possible,  contrary  to  what 
generally  obtains  in  pure  mineral  analysis,  to  determine  how  inac- 
curate the  results  are.  In  these  later  years,  however,  a  change 
has  taken  place  in  this  respect  and  as  high  a  standard  of  analytical 
excellence  is  now  demanded  in  petrography  as  in  any  other 
branch  of  science. 

Several  causes  have  contributed  to  this  result,  especially  the 
efforts  of  a  number  of  earnest  workers,  among  whom  are  to  be 
chiefly  mentioned  the  chemists  of  the  United  States  Greological 
Survey  as  well  as  the  author  of  this  book. 

On  the  other  hand  it  may  be  said  that  there  are  not  manv 
things,  when  one  considers  the  number  of  elements  to  be  deter- 
mined and  the  length  of  the  processes  involved,  whicb  demand 
greater  skill  and  experience  in  analysis  from  the  chemist  than 
that  of  silicate  rocks. 

All  this  makes  the  appearance  of  this  work  a  very  timely  one 
and  it  will  be  henceforth  an  almost  indispensable  adjunct  to  the 
library  of  every  analytical  chemist  and  petrographer.  The 
author  gives  in  full  detail  a  description  of  the  necessary  appa- 
ratus, reagents,  etc.,  and  of  the  proper  method  of  selecting 
material.     The  analytical  processes  selected  are  those  which  long 
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experience  has  shown  to  be  the  best,  and  the  methods  for  carry- 
ing them  out  are  so  fully  described,  that  with  the  attentive  use  of 
the  work,  even  beginners  may  achieve  good  results,  while  the 
experienced  analyst  will  find  mueh  that  is  of  interest  and  value 
in  saving  time  and  work.  It  is  well  and  clearly  written  and  the 
field  has  been  thoroughly  covered.  It  is  to  be  hoped  that  its 
appearance  will  do  much  to  raise  the  standard  in  this  field  of 
scientific  work.  l.  v.  p. 

1 1 .  Notes  on  the  Rocks  of  Niigsnaks  Peninsula  and  its  environSy 
Greenland;  by  W.  C.  Phelan.  Smith  Misc.  Coll.,  Quar.  Issue, 
vol.  45,  pp.  183-212.  1904. — The  author  has  made  a  study  of  a 
collection  gathered  by  Professor  Sclmcbert  and  Dr.  David  White. 
The  collection  embraced  types  of  gneiss,  diorite,  syenite,  perido- 
tite,  monzonite,  granite  and  basalt,  the  latter  containing  native 
iron.  Detailed  petrographic  descriptions  of  these  are  ^iven  and 
of  several,  complete  chemical  analyses  were  made.  The  paper 
adds  considerably  to  our  knowledge  of  the  petrography  of  Green- 
land and  will  be  read  with  interest  by  petrographers.      l.  v.  p. 

12.  Ueber  den  Kali-Syenit  des  Piz  Giuf  iiyid  Umgebtmg  und 
seine  Oanggefolgschaft ;  von  F.Weber.  Beitr.  zur  Geol.  Karte 
der  Schweiz  Neu.  Folge  XIV  Leif.  Bern,  1904,  4°,  176  pp.,  pi. 
V. — The  rock  masses  described  in  this  paper  lie  in  the  western 
part  of  the  Aar  massive.  The  main  mass  of  syenite  forms  a  long 
slender  lens  in  granitic  rocks,  about  13  kilometers  long  and  bent 
slightly  into  an  S  shape.  It  is  accompanied  by  dikes  of  more 
salic  and  femic  characters.  There  are  also  varieties  of  the  main 
syenite  type.  All  these  rocks,  under  the  headings  of  syenite, 
aplite,  granite  porphyry,  spessartite  and  kersantite,  have  been 
thoroughly  studied  and  analyzed  and  the  results  are  here  pre- 
sented, together  with  discussions  of  their  relationships,  origin, 
and  the  bearing  of  these  on  the  general  question  of  differen- 
tiation. It  is  an  extended  and  careful  piece  of  work  which  adds 
to  our  knowledge  of  local  Swiss  petrology  and  contains  much  of 
general  interest  to  petrographers.  l.  v.  p. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Harvard  College  Observatory. — Recent  publications  of  the 
Harvard  College  Observatory  include  the  following  : 

Annals,  vol.  xlvi.  Part  II,  pp.  1*J  1-249,  with  plates  I,  II,  Obser- 
vations of  Variable  Stars  made  with  the  Meridian  Photometer 
during  the  years  1892-1898  ;  by  Edward  C.  Pickering.  Vol. 
liii,  No,  III,  pp.  45-73  with  plates  I,  II.  The  ninth  Satellite  of 
Saturn  ;  by  William  H.  Pickering.  ThiH  paper  gives  a  most 
interesting  account  of  the  search,  begun  in  1888,  for  the  supposed 
ninth  satellite  of  Saturn,  and  its  identification  in  1899  on  photo- 
graphs taken  the  year  previous  at  Arequipa.  Later  observations 
have  served  to  determine  with  accuracy  the  orbit  of  Phoebe,  as 
the  satellite  has  been  called.  It  is  found  to  have  an  eccentricity 
greater  than  that  of  any  other  planet  or  satellite  and  is  exceeded 
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ou]  V  l»r  a  ftrvr  (»f  tW  aKten»id&  Tin*  |ierir»d  if^  5^*5  dmvc  aad  iu 
diamt^UfT  i^  emi  mated  at  IfiKr  mi  let),  li  h^  thii»  liie  imr|pesi  body 
discovered  iu  liie  M»iar  FymtflXL  esclumre  of  the  oomete.  fuee  die 
iDner  imitelltteb  of  Uraiiu»  were  fonud  l>v  Laafiel]  in  ]851:  hk 
al»o  bv  far  ilie  f aintf^ta  ultjeci.  rt»  iirifirbtnew  lieijiir  eniiBBXcd  ai 
tmo  maj^iiuder^  leM'  than  tiiat  (»r  Hr|ienon,  whicb  i»  assiiaedto 
lie  of  tiie  ]4tL  mairuitude. 

VoL  liii.  No.  IV.  |.»|i.  7i^^4  with  four  platec^  A  Stadj  of 
EraloKlbeDet;  ;  by  Wiiiiam  H.  Pickerinc:.  Sume  paingmfiks  from 
iLiti  |ia}>er  are  <ju<»led  below. 

VoL  Ivi,  No.  L  y\K  1'2€  with  two  plateB.  Dmrabmaon  of 
Stellar  Spectra. 

CiRci'LA£fi« :  No.  ^y,  CommoLV  0(»-iDcb  Teleaoope;  Xa  84, 
Cariiejrie  Gram  of  ]S*U3  ;   No.  ^5.  The  anoDyinoii«  grifi  of  IWi. 

2.  A  iVtf/y  of  a  LiUtar  Crofter.  —  Tbe  followiii|T  parafimphi, 
wbif^b  form  tbe  condudiug  pan  of  tbe  ^  Stndv  of  £raui«lfaeDes^ 
bv  W.  li.  Fjck£Kis<;,  referred  tc»  above,  will  be  read  with  intereit 
ID  coDueetiou  mitb  tbe  recent  discustdon  of  tbe  features  of  the 
moon  <H:^  p.  314  of  the  October  n amber).  Tbeantbor  doMithe 
detailed  def«cription  of  tbe  crater  and  the  changes  in  h  olMerved 
bv  him  at>  fo]low4» : 

''^Bummariziug  our  knowledge  90  far,  we  find  that  there  seem 
to  be  four  eaual  M^temtL  two  large  and  two  s^Emall.  Tbev  are  best 
been  iu  figure  11.  In  each  there  \^  a  prominent  lake  front  which 
three  or  more  canals  diverge  in  various  directions.  Tlie  largest 
of  thetie  laket^.  which  we  will  call  L,  is  Mtoated  to  the  ea«t  of  the 
central  j^eaLt;.  Three  canals  radiate  from  it.  Tbe  fieoood  laigest, 
which  we  will  call  II.  is  situated  on  the  northwestern  slopes  of 
the  central  peak^.  It  albo  has  three  canals.  IU,  at  the  extrem- 
ity of  ri<i;fe  A^  hats  four  or  live  canals  radiating  from  it,  and  a 
nearlv  or^uf centric  rin<r.  nmilar  to  Soli*  L*ji^u%  on  Mara.  IV  is  a 
Kmal]  and  verv  faint  lake  at  the  extreme  northern  end  of  the 
ti'><ir,  from  which  at  least  five  minute  eanals  radiate.  Il  also  is 
furnished  with  a  s^^mewhat  ill-defined  dark  ring,  eomposed  in 
part  of  the  lakes  and  canals  of  systems  I  and  II.  I  reminds  ns 
somewhat  of  the  SyriU  Major  on  Mars  and  the  two  laf^ge  canals 
or  branches  which  lead  into  it  from  the  south,  and  form  a  rather 
characteristic  V  at  certam  seasons. 

These  canal  systems  seem  to  l>e  almost  entirely  independent  of 
the  surface  configurations.  Sometimes  the  central  lake  i*  on  a 
mountain  crest  like  III,  and  sometimes  in  the  bottom  of  a  vallev 
like  I.  The  canals  .sometimes,  as  in  system  IL,  descend  one  slope, 
cross  a  valley,  and  asrrend  another.  They  generally  appear  all  at 
once  throughout  their  whole  length,  but  in  at  least  two  instances 
we  have  recognize<l  a  progressive  motion.  In  one  of  these  cases, 
yl,  the  direction  of  m<^»tion  was  tangential  to  the  lake  III ;  in  the 
otlier,  Jjy  it  was  radial  and  towards  the  lake  I.  In  both  cases  the 
motion  was  down  hill.  I)  vanished  on  the  ridge  before  it  did  on 
the  lower  slopes. 

A  few  words  may  now  be  said  on  the  chief  objection  that  has 
been   raised  to  the  theory  that  these  changes  are  due  to  vegeta- 
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lion,  namely,  the  lack  of  water  on  the  Moon.  While  it  is  true 
that  water  cannot  exist  in  the  free  Htatc  under  a  pressure  that  is 
lesB  than  4*6  millimeters,  and  while  it  is  also  true  that  no  such 
pressure  apparently  exists  upon  the  Moon's  surface,  still  there  is 
nothing  to  prevent  water  occurring  beneath  the  surface  of  the 
ground,  retained  by  the  capillary  action  of  the  soil.  It  has  been 
shown  by  Cameron  (Science,  1903,  xviii,  75S)  that  water  can  be 
extracted  by  dry  soil  from  a  membrane  against  a  calculated 
osmotic  pressure  of  *H\  atmospheres,  or  about  500  pounds  per 
square  inch.  Since  on  the  Earth  ])lants  can  live  on  moisture 
which  thev  have  in  turn  extracted  from  such  a  soil,  there  seems 
no  diflSculty  in  understanding  how  they  could  live  on  the  Moon, 
in  a  soil  which  could  thus  retain  considerable  moisture  in  spite 
of  the  low  atmospheric  ])ressure.  Indeed  if  it  were  possible  to 
conceive  of  an  organism  which  could  absorb  its  oxygen  directly 
from  vegetation,  and  store  it  during  the  lunar  night,  there  is  no 
reason  why  animal  life  should  be  impossible  upon  the  Moon. 

That  the  substance  which  we  have  called  vegetation  is  fre- 
quently found  in  connection  with  deep  clefts  has  already  been 
pointed  out  by  the  author,  in  dealing  with  the  crater  Franklin, 
see  "The  Moon,''  page  56.  That  a  dark  patch  of  vegetation 
sometimes  covers  an  area  formerly  occupied  by  ice  has  been 
shown  in  the  case  of  Riccioli  in  the  Harvard  Annals,  xxxii,  216. 
Finally,  that  different  areas  of  vegetation  in  the  same  crater  may 
appear  and  disappear  at  ({uite  different  times  has  been  pointed 
out  in  the  case  of  Alphonsus,  in  the  Annals,  xxxii,  r33.  It  there- 
fore appears  that  the  various  phenomena  above  described  have 
all  been  indicated  before  in  visual  observations  made  at  this 
Obseri'atory.  Their  interest  here  lies  chiefly  in  the  fact  that  in 
£ratosthenes  they  are  shown  so  dearly,  and  upon  so  large  a  scale, 
that  we  are  now  able  to  jjhotograph  them.  We  are  thus  able  to 
share  with  other  astronomers  what  in  the  case  of  visual  observa- 
tions can  only  be  seen  by  those  who  have  good  enough  atmos- 
pheric conditions  to  be  able  to  detect  them.  In  the  case  of  visual 
observations  other  persons  must  place  their  faith  on  the  judg- 
ment and  accuracy  of  the  observer,  in  the  present  case  the  photo- 
graphs permit  every  reader  to  be  his  own  observer  and  judge." 

3.  FUld  (Columbian  Muf^ewn,  Publication  90y  Zooh^/ical  Series^ 
vol.  IV,  parts  I  and  II,  pp.  xx,  850,  with  sixty-eight  plates  and 
numerous  text-figures. — These  volumes  are  devoted  to  the  "Land 
and  Sea  Mammals  of  Middle  America  and  the  West  Indies,"  by 
Daniel  Giraud  Elliot.  This  admirable  work  follows  the 
** Synopsis  of  the  Mammals  of  North  America  and  Adjacent  Seas" 
by  the  same  author  and  is  intended  to  contain  all  the  mammals  of 
the  remainder  of  the  North  American  Continent,  that  is  from  the 
northern  boundarv  of  Mexico  to  the  Province  of  Cauca,  South 
America,  including  the  coast  islands,  also  part  of  Bahamas  and 
West  Indies.     It  is  clearly  presented  and  very  fully  illustrated. 

4.  Statistical    Methods    with  special  reference    to   Biological 
Variation ;  by  C.  B.  Davenport.     Second,  revised  edition,  pp. 
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viii,  223.  New  York  1904  (John  Wiley  &  Song).— The  first  edition 
of  this  usefal  work  was  issued  in  1899  ^see  this  Joorual,  viii,  399). 
A  second  edition,  somewhat  enlarged,  is  now  given  to  the  poblic; 
the  most  important  addition  is  that  of  the  new  statistical  methods 
of  Prof.  Karl  Pearson,  his  students  and  associates,  with  a  summary 
of  the  results  gained  by  them. 

5.  (^cUalogns  3fammali%nn^  tarn  vivefitium  qttafn  fassUium; 
2L  Doctore  E.-L.  Trouessart.  Quinquennale  Supplementnm,  anno 
1904.  Berlin  (R.  Friedlander  u.  Sohn).— Fasciculus  II,  pp.  289-546, 
of  the  Supplement  announced  in  the  July  number  of  this  Journal 
(p.  94),  has  recently  appeared.     It  is  devoted  to  the  Rodentia. 

6.  Beitraege  zur  Chemhchen  Physiologie  und  PathdogU ; 
herausgegeben  von  Franz  IIofmeistbr.  Band  V.  Braun- 
schweig, 1904  (Fr.  Vieweg  und  Sohn). — The  present  volume  of 
fifty  pages  is,  like  its  predecessors,  largely  taken  up  with  inve^ti- 
gations  on  the  proteids  and  their  derivatives.  A  contribution  by 
Dr.  Kammann  on  the  specific  pollen  toxin  which  gives  rise  to 
hay-fever,  indicates  that  the  poison  belongs  to  the  group  of  tox- 
albumins,  is  thermostable  and  not  completely  destroyed  by  pro- 
teolytic enzymes.  These  facts  are  of  interest  in  connection  with 
the  recent  attempts  to  induce  immunity  to  hay-fever  and  to 
obtain  a  specific  antitoxin.  Various  papers  on  blood-coagulation 
serve  to  render  the  explanation  of  this  process  more  complex 
than  ever  before.  Professor  Rohmann  has  contributed  an  inter- 
esting paper  on  the  skin  glands  (BOrzeldrUsen)  of  birds,  throw- 
ing considerable  light  on  the  origin  and  composition  of  the  secre- 
tion which  they  yield.  The  volume  also  contains  several  papers 
of  physico-chemical  interest,  and  a  number  of  communications 
on  enzymes,  including  important  observations  on  amide-splitting 
ferments.  i^  b.  m. 

T.  Ostwald*8  KlasHiker  der  exakten  Wissefischaften.  Leipzig, 
1904  (Wilhelm  Engelmann). — The  following  parts  of  this  series 
ol  scientific  classics  have  recently  appeared. 

No.  143.  Abhandlung  tlber  die  Autlosung  der  nnmerischen 
Gleichungen  (1835)  von'  C.  Sturm.  Aus  dem  Franzdsischen 
(ibersetzt  und  herausgegeben  von  Alfred  Loewy.     Pp.  66. 

No.  144.  Johannes  Keplers  Dioptrik,  oder  Schilderung  der 
Folgen,  die  sich  aus  der  unlaugst  gemachten  Erfindung  der  Pem- 
rohre  fttr  das  Sehen  und  die  siehtbaren  Gegenstande  ergeben 
(1611).  Ubersetzt  und  herausgegeben  von  Ferdinand  rlehn. 
Pp.  114. 

No.  145.  (^ber  die  Konstitulion  und  die  Metamorphosen  der 
cbeniischen  Verbindungen  und  ttber  die  chemiscbe  Natur  des 
Kolilenstoffs  :  untersuchungen  ttber  aromatische  Verbindungen 
von  August  Keknle.  Herausgegeben  von  A.  Ladenburg.  Pp.. 89 
witli  a  plate. 
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Abt.   XLI.  —  Experiments    on    the    Reception  hy    Wires  of 

Electric  Waves ;  bv  C.  A.  Cuaist. 

The  present  paper  contains  an  account  of  experiments  on  : 
(1)  the  nature  of  the  disturbance  about  the  receiving  antenna 
in  the  system  of  wireless  tclepjraphy  devised  by  Braun  and 
Siemens  and  Halske  ;  (2)  the  radiation  from  tlie  Braun,  Slaby- 
Arco  and  simple  Marconi  forms  of  transmitters,  observed  by 
the  method  of  resonance  ;  (3)  the  effect  on  resonance  of  insert- 
iDg  a  coherer  in  an  open  wire  ;  (4)  an  exploration  of  wires 
receiving  the  radiaticm  from  a  simple  Marconi  transmitter ; 
and  (5)  a  repetition  of  some  of  Slat)y\s  fundamental  experi- 
ments. 

The  paper  may  be  considered  as  a  continuation  of  a  former 
one*  dealing  with  the  transmitting  antenna  in  wireless  tele- 
graphy. 

A  number  of  investigations  have  been  made  on  wires 
arranged  as  in  wireless  telegraphy  for  the  reception  of  electric 
waves,  but  in  almost  every  instance  these  have  been  restricted 
to  observing  a  maximum  effect  at  one  place, — the  base  of  the 
antenna, — and  as  detectors  the  spark  gaj),  the  hot-wire  ammeter 
and  the  hot-wire  thermometer  have  generally  been  used. 

In  my  experiments  the  nature  of  the  oscillatory  disturbances 
was  determined  bv  means  of  the  magnetic  detector,  used  in 
the  manner  fully  described  in  the  former  paper,  and  the  explo- 
ration extended  from  one  end  of  the  wire  to  the  other. 

The  wires,  both  for  transmitting  and  for  receiving  the  waves, 
were  of  bare  copper,  O'T'"'"  in  diameter,  stretched  horizontally 
on  the  top  of  wooden  posts,  about  1*5"'  above  the  Hoor  of  the 

•  C.  A.  Chant,  The  Variation  of  Potential  along  tlie  Transmittinj?  Antenna 
in  Wirelees  Telegraphy,  this  Journal  (4),  vol.  xvii,  p.  1,  1904.  Phil.  Mag., 
(8),  vol.  vii,  p.  124,  1904. 
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large  hall  in  whicli  the  experiments  were  made.  Tlie  trans- 
mitting wire  was  abont  1-5"*  from  the  wall,  the  receiving  wire 
being  farther  out  towards  the  middle  of  the  room. 

1.  Exploration  of  the  Receiving  Antenna  as  usted  in  the  Braun, 
Siemens  and  HaUke  tSt/sttm  of  Wireless  Telegraphy, 

The  apparatus  used  for  these  experiments  was  the  experi- 
mental set  supplied  by  the  Gesellschaft  fiir  drabtlose  Tele- 
graphie,  Berlin,  Germany.  The  transmitter  was  described  in 
the  former  paper,  and  tlie  receiver  was  arranged  as  shown  in 
lig.  1.  The  makers  assert  that  the  small  set  is  of  exactly  tbe 
same  pattern  as  their  large  commercial  apparatus. 


Antenn,*. 


The  antenna  is  connected  to  a,  while  to  c?  is  joined  the 
earth-plate  E,  in  this  case  a  hollow  metal  cylinder  20*™*  long 
and  8^'"'  in  diameter.  The  receiving  transformer  is  composed 
of  two  coils  e^fj  the  former  having  5  turns  and  a  diameter 
of  S*""',  the  latter,  within  the  former,  5^  turns  and  a  diameter 
of  T'O*^*"'.  At  m  is  a  very  small  condenser,  inserted  to  avoid 
shunting  the  coherer  C  The  ends  /i,  A,  are  joined  to  the 
polarized  relay  and  a  dry  cell,  not  shown  in  the  figure.  The 
lengths  of  the  various  connections  are  as  follows:  oA,  20*"*; 
cd,  20""- ;  bed,  120'^'" ;  yg'h,  50^"'" ;  in'nin,  30™* ;  coherer,  8"" ; 
coil  /,  131«"';  hence  circuit  ghmfa  is  219*^"'. 

Tiie  receiving  antenna  was  parallel  to,  and  directly  opposite, 
the  transmitting  antenna,  and  2  meters  from  it.  In  the  first 
series  of  expernnents  the  two  antennee  were  kept  equal  and 
both  varied  from  2  to  10  meters  in  length.  Next,  the  trans- 
mitting antenna  was  kept  0  meters  long  and  the  receiving 
antenna  varied  from  2  to  6  metei's ;  and  lastly,  the  transmit- 
ting antenna  was  kept  4  meters  long  while  the  receiving  one 
varied  from  2  to  6  metere.  The  readings  were  taken  in  regu- 
lar succession  from  one  end  of  the  wire  to  the  other,  usuallv 
at  points  20^"*  apart.  The  results  of  the  examination  are 
shown  in  Table  1  and  the  curves  of  figures  2  and  3.  In  the 
curves,  ordinates  represent  magnetometer  deflexions ;  abscissae, 
lengths  along  the  wire,  measuring  from  the  free  end.  Column 
2  of  the  table,  giving  the  position  of  the  minima  of  the  trans- 
mitting antenna,  is  taken  from  the  former  paper.     It  will  be 
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r.]»-frv«.Ml  tluiT  ill  it  tluTc  is  a  miniiiiinn  at  approximatcl v  190*^"* 
t'ruiii  tlic  ivi'i'  <mm1.  .'ui(1  tlii>  luiiirtli  was  interpreted  in  the 
invnu'Y  j»;ip«T  ji>  Ji  <]n;irtfr-\vavL'-li.*nirtli  iA  the  condenser  circuit. 
In  till*  i",\<\'  of  till*  receix  inir  anti'nna  the  action  appears  more 
<-«)nij)licat(*<l.     A   >tudv  of  tlu*  tahle  and  the  curves  indicates 
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that  there  is  one  law  for  the  wires  6  meters  loiijr  and  apwarde, 
anotlier  for  those  shorter  tlian  6  meters.  VVitb  the  former 
there  is  a  minimum  in  the  neighborhood  of  220™'  from  the 
free  end.  For  the  wire  1000™"  lonp;  it  appears  at  254™"  from 
the  end,  hut  this  is  not  so  sliarply  defined  as  the  others,  though 
live  eets  of  readings  were  talcen  to  obtain  this  curve  wli^c 
three  were  usually  made  for  the  others. 

This  appears  to  be  a  quarter-wave-length  of  an  oscillation 
impressed  on  the  wire,  but  not  that  shown  on  the  transmitter. 
Again,  if  we  assume  that  tliere  is  no  displacement  of  the 
nodes  upon  reHexion  from  the  free  end,  the  maximum  should 
be  found  at  a  distance  twice  ae  great  from  the  free  end.  But 
such  is  not  tlie  case.  There  is  a  distortion  of  the  oscillation, 
though  for  what  reason  it  is  not  evident. 

An  attempt  was  made  to  see  what  length  of  the  wire  was 
equivalent  to  the  receiver  connections,  i.  e.,  fo  the  portion 
from  a  to  E,  including  E.  In  doing  this  the  transmittiu^ 
antenna  was  4  meters  long,  arranged  as  usual.  Opposite  and 
parallel,  at  a  distance  of  two  meters,  a  wire  4  meters  long  was 
stretched,  to  act  as  the  receiving  antenna ;  and  then,  in  plac« 
of  the  receiving  apparatus,  a  long  wire  was  attached  at  a  and 
drawn  vertically  upward,  to  prevent,  if  possible,  inductive 
action  between  this  wii-e  and  the  transmitting  antenna.  At 
tii-st  this  wire  was  9  meters  long,  that  is,  the  entire  length  of 
the  wire  was  13  nietere.  The  horizontal  portion  only  was 
explored.  Then  the  vertical  wire  was  shortened  to  8  meters 
and  the  horizontal  portion  again  explored.  This  proeees  was 
continued,  shortening  the  vertical  wire  one  meter  at  a  step, 
until  only  the  horizontal  one  remained.  The  reenlta  are  shown 
in  Table  II  and  the  curves  of  figure  4. 


Table  11. 

Total  length  of  wire  in         \      '       ■ 
meters.                             13    12     11     10 

9 

8      7 

6 

5     |4 

Distance,  in  ems.,  of 

minima  from  free  end.  aso  .'55  225  210 

210 

2117  190,304 

304 

1 
253  202 

Highest  reading,  i.  c,  at 

free  end.                          42    51   ,51   41 

28 

1 
28    57           192 

85  177 

An  examination  of  these  shows  that  the  wire  6  meters  long, 
i.  e.,  with  2  meters  vertical,  behaves  like  the  4-meter  antenna 
when  joined  to  the  receiving  apparatus,  or  that  this  ap])aratDH 
behaves  like  2  meters  of  wire.  This  method  of  substitution  is 
not  entirely  free  from  objection,  but  I  know  of  no  better. 
Somewhat  later  it  will  appear  fnjni  the  same  method  that  the 
cylinder  E  (fig.  1),   i,-;  equivalent  to  about  80""  of  the  same 
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wire.  If  we  consider  the  connection  from  a  to  £*  to  be  equiv- 
alent to  200™'*,  the  above  determination  would  make  the  con- 
denser equal  to  40*^"  of  the  wire. 

It  will  be  observed  in  Table  II  that  the  minimum  for  wires 
of  lengths  4,  5  and  6  meters  is  at  the  middle  of  the  wire,  or  the 
wire  is  vibrating  in  its  own  fundamental  mode,  while  with 
wires  8  to  11  meters  long  the  minimum  is  about  210^'  from 
the  free  end,  ap[)roximately  as  in  Table  I  and  almost  certainly 
due  to  the  same  cause. 

This  would  indicate  that  in  the  case  of  the  longer  wires  the 
oscillation  is  forced  on  the  wire,  in  the  case  of  the  shorter  the 
oscillation  is  that  natural  to  the  wires  themselves. 

2.  Examinatioii^  b»/  the  Method  of  JResonance,  of  the  Hadiaiion 
from  the  Branny  Slaby-Arco  and  ISimple  Marconi  Tram- 
niitters. 

In  these  experiments  the  transmitter  was  arranged  as  usual, 
and  the  receiving  wire,  as  in  the  preceding  experiments,  was 
stretched  parallel  to  the  transmitting  antenna.  The  action  of 
the  incident  waves  wa^s  measured  by  hanging  the  detector  on 
the  end  of  the  wire.  To  begin  with,  the  wii*e  was  of  consid- 
erable length,  and  it  was  gradually  shortened,  10  or  20*""'  at  a 
time,  the  eflfect  on  the  detector  hung  on  the  end  being  observed 
for  each  length.  As  the  length  of  the  wire  approached  that 
for  resonance  with  the  transmitted  waves  the  readings  rose,  but 
as  the  resonant  length  was  passed  they  fell,  until  at  last  the 
wire  was  so  short  that  the  effect  was  hardly  observable.  From 
the  curve  obtained  by  plotting  lengths  of  receiving  wire  as 
abscissae  and  amount  of  demagnetization  (measured  by  the 
magnetometer  readings)  as  ordinates,  the  length  of  wire  which 
gave  maximum  effect  was  easily  determined.  This  method  of 
determining  resonant  lengths  is  extremely  simple  and  easy  of 
application. 

The  Braun  transmitter  was  the  one  used  in  the  experiments 
just  described,  the  antennae  being  3  and  4  meters  long.  The 
Slaby-Arco  transmitter  was  that  form  of  Braun's  directly-con- 
nected system  described  in  the  former  paper.  In  the  simple 
Marconi  radiator  the  transmitting  antenna  was  joined  imme- 
diately to  the  binding-post  forming  one  terminal  of  the  sec- 
ondary of  the  induction  coil ;  the  otiier  binding-post  was  joined 
directly  to  earth,  while  the  spark-gap  was  between  knobs  19"'" 
in  diameter  on  the  ends  of  rods  passing  through  the  binding- 
posts.  Tiie  distance  between  these  posts  was  22^*,  and  the 
earth-connection  was  i^r)'"""  long,  i.  e.,  the  distance  to  earth 
from  the  end  of  the  wire  attached  for  antenna  was  47'""". 

The  results  obtained  are  shown  in  Table  III  and  the  curves 
of  figures  5  and  ^).  The  experimental  arrangement  seems 
simple  and  unequivocal,  but  the  conclusions  to  be  drawn  are 
not  all  so. 
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Curve  I  was  olitained  witli  a  wire  having  Iiotli  ends  free, 
stretched  at  a  distance  of  3  iiietei-e  fn)in  the  transmitting 
antenna,  which  was  4  meters  long.     There  are  two  detiiiite 
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maxima,  showing  that  wires  335  and  580'™"  long  were  in  reso- 
nance with  the  radiator,  i.  e.,  the  radiator  emitted  waves  whose 
half-wavelengths  were  335  and  580*^™%  respectively.  The  lat- 
ter appears  to  be  the  chief  one,  whicli  fact  is  indicated  in  the 
table  by  the  change  in  type.  The  bottom  cnrve  in  fig.  4  is 
plotted  from  the  data  contained  in  the  lowest  line  of  Table  II, 
ordinates  denoting  the  readings  at  the  end  of  the  wire,  absciss© 

Table  III. 
Method  of  Resonance. 


• 

DistAnce  of 

Descripti 
transnii 

ion  of 
tter. 

antenna 

receiver 
;       from 
traiiRinitter. 

3  meters 

Length  for  maxi 
reading. 

318,  Jff)6,  595 

mum         Arrangement  of 
receiving  wire. 

Braun,  3"^ 

F^ree  wire 

"        4 

(( 

1  ( 

335,  580  (HoO,* 

1160)i     "        " 

(4                (( 

(( 

a 

19i),  J7J,  50-J 

Plate  on  outer  end 

»(                (< 

i( 

a 

'^80,  5 1 8 

Double   plate   on 
outer  end 

»(                (( 

ki 

a 

187,  SOO,  520 

Good    earth    on 
outer  end 

a          a 

k( 

h( 

206,  280,  513 

Good  earth  on  in- 
ner end 

«(          i( 

a 

(( 

270,  fjOO 

Cylinder  on  outer 
end 

Simple  Marconi, 

1  meter 

420,  650 

Free  wire 

3™  antenna 

((          (C       t 

a 

1 

S55 

Plate  on  outer  end 

n       iC 

a 

1 

415,  GJfO 

Braun  coh'r  in  free 
wire 

t(       ii 

a 

a 

4 1 0,  6J,5 

Iron  turnings  cohV 
in  free  wire 

»t            4C 

a 

a 

400,  650 

Silver  powder  coh'r 
in  free  wire 

a       *i 

k( 

2  meters 

400,  620 

Free  wire 

«       ti 

u 

(( 

S60 

Plate  at  outer  end 

(k       hi 

u 

i( 

365 

((           t<            ((                (C 
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150?,J^6*,  480 

"      *'    inner    " 

Slaby-Arco,  3'" 

j   1  meter 

638 

Free  wire 

antenna. 

*  Minimtun.    These  two  readings  are  from  the  bottom  curve  in  fig.  4.    The 
valne  5i^  is  found  there  also. 
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the  length  of  the  wire.  The  maxima  are  at  580^*  (the  valne 
iu8t  ffiven),  and  1160«"»  (=680x2),  and  a  minimnm  at  850««, 
half  way  between. 

Next,  a  large  plate  of  metal,  90  by  180""*,  standing  in  a  ver- 
tical plane  perpendicular  to  the  wire,  was  securely  joined  to 
one  end  of  the  wire,  which  was  then  examined  as  before.  Here 
with  a  capacity  so  large  one  would  almost  expect  resonance  to 
take  place  with  wires  one-half  the  previous  lengths.  But  such 
was  not  the  case,  the  chief  resonance  being  with  a  length  of 
313^'"',  and  less  pronounced  effects  with  lengths  190  and  502"°' 
(Curve  II).  With  a  plate  twice  as  large,  however,  the  chief 
resonance  was  with  a  wire  286""*  long.  Next,  a  good  earth 
was  obtained  by  soldering  together  metal  sheets  (total  length 
6*6  meters,  width  80*^"")  and  securely  binding  one  end  of  the 
strip  so  formed  to  a  heating  radiator.  The  maxima  are  given 
in  the  table.  When  the  earth  was  on  the  outer  end  of  the 
wire  the  chief  maximum  was  given  with  a  length  of  300 
when  on  the  inner  end  a  maximum  was  given  with  280 
The  mean  of  these  two  values,  290*'"%  is  exactly  half  that 
with  the  free  wire.*  This  is  evidence  that  on  reflection  at  the 
free  end  of  a  wire  there  is  no  loss  of  phase. 

On  attaching  the  small  cylindrical  capacity  supplied  with 
the  instrument  in  place  of  the  large  plate,  the  curve  III  was 
obtained,  best  resonance  being  given  with  a  wire  500""*  long,  a 
smaller  effect  with  270"^™'.  Curve  IV  was  obtained  with  the 
same  disposition  as  for  curve  I,  but  with  antenna  3  meters 
Ions:.  , 

It  is  seen  that  the  cylinder  capacity  reduces  the  length  of 
wire  from  580  to  500'"'%  and  thus  it  may  be  considered,  in  an 
oscillating  system,  as  approximately  equivalent  to  80""*  of  the 
wire. 

Curve  V  shows  the  resonance  effect  with  the  Slabv  oscilla- 
tor  of  antenna  3  meters.  It  shows  resonance  for  a  single  half- 
wave-length  of  638*^^™*. 

In  ilgure  G  are  exhibited  resonance  effects  obtained  with  the 
8im])le  Marconi  radiator  with  antenna  3  meters  long,  the 
receiving  wire  being  at  different  distances  and  arranged  in  dif- 
ferent ways.  Curves  I  and  II  were  taken  with  the  receiving 
wire  1  meter  from  the  transmitting  antenna,  III  to  VI  witli 
the  distance  2  meters,  and  VII  to  X  with  it  3  meters.  Curves 
I,  III,  VI  refer  to  a  wire  free  at  both  ends ;  II,  IV,  V,  VII, 
IX  with  a  large  plate  at  the  outer  end ;  and  VI  and  X  with 
the  plate  at  the  inner  end.  In  every  case  the  plate  stood  in  a 
plane  perpendicular  to  the  wire. 

*  In  the  former  paper  the  experiments  led  to  the  conclusion  that  a  large 
capacity  (e.  g.,  the  earth)  joined  to  a  vibrating  system  acts  like  a  plane  mir- 
ror in  oi)tie8,  a  resnlt  first  predicted  bv  J.  von  Geitler,  Wied.  Ann.,  Iv, 
p.  318,  1895. 
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For  the  wire  free  at  both  ends  there  are  two  resonant  lengths, 
the  resonance  not  being  very  sharp,  just  as  we  should  expect  it 
to  be  with  a  radiator  much  damped.  With  the  plate  on  the 
outer  end,  however,  there  is  only  one  maximum,  which  is  very 
clearly  marked  ;  while  with  the  plate  on  the  inner  end  there 
are  three  resonant  lengths,  the  chief  one  being  somewhat 
shorter  than  with  the  plate  in  the  former  position.  From  theo- 
retical considerations  Wien*  concluded  that  with  both  the 
inductively-  and  the  directly-connected  radiatoi^s  there  should 
be  present  two  distinct  sets  of  waves  of  different  periods  and 
damping  coefficients.  With  the  Braun  apparatus  this  is  clearly 
evident,  but  there  is  no  trace  of  a  second  maximum  with  the 
Slaby  radiator.  On  the  other  hand,  the  simple  Marconi  radia- 
tor gives  two  resonant  lengths  when  the  wire  is  free  at  both 
ends,  only  one,  however,  with  the  plate  on  the  outer  end,  while 
three  are  shown  when  the  plate  is  on  the  inner  end.  The 
reason  for  this  is  not  easy  to  see. 

Again,  the  chief  resonant  length  with  the  plate  on  the  inner  . 
end  IS  shorter  than  with  the  plate  on  the  outer  end.  The  only 
reason  I  can  suggest  for  this  is  that  the  ])resenee  of  the  large 
metal  plate  alters  the  frequency  of  the  radiator  to  some  extent, 
even  though  it  be  2  or  3  meters  away.  Slabyf  found  that 
wires  stretched  one  meter  above  a  zinc-covered  floor  gave  a 
wave-length  ten  per  cent  smaller  than  when  the  floor  was 
entirely  of  wood.  He  traced  this  to  a  variation  of  the  self- 
induction  of  the  radiator,  not  of  its  capacity. 


S.    The  Effect  on  Resonance  of  Inserting  a  Coherer  hi  an  Open 

Circuit. 

To  test  for  this  effect  the  coherer  was  inserted  in  the  middle 
of  the  straight  wire  arranged  as  in  I,  II,  VII,  fig.  6,  and  this 
then  gradually  shortened  for  resonance  as  before.  The  simple 
Marconi  radiator  with  antenna  of  3  meters  was  used  and  the 
receiving  wire  was  1  meter  away. 

Three  coherers  were  experimented  with.  The  first  was  the 
one  supplied  with  the  Braun  apparatus.  The  second  was  of 
iron  turnings  in  a  tube  20'""  long  and  having  an  internal  diam- 
eter of  S*"'".  The  third  had  silver  plugs  3'"'"  in  diameter,  1""" 
apart,  with  about  one-fifth  of  the  space  between  filled  with  fine 
powder,  mostly  of  silver.  In  each  case  a  decohering  tapper 
was  arranged  on  an  independent  circuit  and  was  kept  in  con- 
tinuous action. 

•M.  Wien,  Wied.  Ann.,  Ixi,  p.  151,  1897;  Ann.  der  Physik,  viii,  p.  686, 
1902 ;  see  also  G.  Seibt.  Phys.  Zeitschrift,  iv,  p.  485  ;  Graf  Arco,  Elektro- 
technische  Zeitschrift,  1903,  p.  1  ;  A.  H.  Tavlor,  Physical  Review,  xviii, 
p.  280,  1904. 

t  A.  Slaby,  Der  MnltipUkationsstab,  ein  WeUenmesser  fur  die  Funkentele- 
gpaphle,  §  7,  ElektrotechniBche  Zeitschrift,  No.  50,  190a. 
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The  reeoiMint  lengths  are  ifiven  in  table  3,  bnt  the  curves, 
bein^  quite  siniiUr  to  I,  tig.  6,  are  not  shown. 

The  conclusion  was  that  the  coherer  did  uot  alter  the  reso- 
nance, that  it  behaved  like  its  length  of  good  conductor.  This 
agrees  with  Kiehitz's*  results. 

i.  Keploralion  of  Wirt*  receiving  Radiation  from  the  Simple 
Marconi  TratigmUfer. 

In  these  experiments  the  antenna  was  3  meters  long,  with 
the  receiving  wire  (unless  otherwise  stated)  1  meter  distAot. 
The  general  arruugeraents  are  shown  in  tig.  7. 


»^ 


The  receiving  wire  in  every  ca)>e  hut  the  last  was  650'"" 
long,  whiiili  length  was  found  in  experiments  just  described 
(see  curve  I,  tig.  f>)  to  be  resonant  with  the  transmitter. 

•F,  Kiebitz,  Ano.  tier  Physik,  v,  p.  878,  1901;  vl,  p.  7«,  1901. 
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The  exploration  showed  that  with  the  wire  arrauged  as  in  I. 
fig  7,  there  was  present  only  the  fundamental,  perfectly  formed 
(see  curve  I,  fig.  7).  When  the  wire  was  moved  along  to  the 
position  shown  in  II,  the  vibration  was  roughly  in  the  funda- 
mental mode,  but  very  ]K)orIy  formed,  the  highest  reading 
being  but  two-fifths  of  that  in  I  (see  curve  l\  ).  When,  how- 
ever, the  receiving  wire  was  moved  along  to  the  position  shown 
in  III,  the  fundamental  was  well-formed  and  one-fourth  more 
powerful  than  inl.  This  shows  that  the  position  of  the  receiv- 
ing wire  is  of  importance,  the  greatest  effect  being  given  when 
the  middle  of  the  wire  is  opposite  the  end  of  the  antenna. 
Abraham*  has  remarked  that  on  account  of  the  tra n s versa lity 
of  the  vibrations,  there  should  be  no  radiation  in  the  direction 
of  the  axis  of  the  antenna.  Arrangement  W  was  to  test  this 
conclusion;  it  was  found  that  the  receiving  wire  responded  in  a 
decided  manner,  a  well-formed  fundamental  being  present  one- 
half  as  powerful  as  in  I.  The  arrangenjent  V  gave  the  curve 
shown,  the  minima  being  at  180  and  480,  the  maximum  at  352, 
corresponding  roughly  to  the  first  harmonic  of  the  wire.  The 
greatest  reading  was  about  one-fourth  that  in  I.  With  a  wire 
bent  in  the  same  way  but  ])laced  Jis  in  VI,  the  fundamental 
oscillation  proper  to  the  wire  and  as  ])owerful  as  in  I  was 
exhibited.  This  is  a  rather  striking  result.  The  arrangement 
VII,  with  the  large  metal  plate  at  the  center,  was  indistinguish- 
able from  I.  That  fur  V'lII  (the  same  as  V  with  the  ])late  added 
at  the  bend  in  the  wire)  gave  the  fundamental  somewhat  dis- 
torted shown  \\\  curve  VIII.  In  IX  the  coils  had  a  diameter 
of  about  5'5""%  and  were  2"'"  apart.  In  this  case  the  fundamen- 
tal was  very  roughly  formed  (see  curve  IX),  with  the  reading  at 
the  end  of  tlie  coil  twice  as  great  as  at  the  end  of  the  straight 
portion.  Tliis  shows  the  '"multiplication"  effect  utilized  so 
capal)ly  by  Slaby  and  von  Arco,  though  it  was  not  nearly  so 
great  as  it  would  have  been  had  the  length  of  the  coil  been  prop- 
erly adjusted  for  resonance.  In  X  the  wire  was  half-length,  i.  e., 
325""-,  and  the  fundamental  was  well-formed,  half  as  powerful 
as  in  I. 

6.   Repetition  of  some  of  Slaby\H  Fumhiinental  Experiments, 

The  methods  here  used  for  determining  resonant  lengths  and 
for  exploring  the  wires  seemed  well  suited  for  repeating  some 
of  Slaby 'sf  fundamental  experiments,  and  my  results  in  some 
cases  were  somewhat  different  from  those  published. 

Each  half  ot  the  oscillator  consisted  of  a  brass  rod  3 '4"""  in 

*M.  Abraham,  Ann.  der  Physik,  ii,  p.  32,  1900. 

fA.  Slaby,  The  Scientific  Basis  of  Spark  Telegraphy,  Elektrotechnische 
Zeitscbrift,  No.  9,  1902;  Lond,  Electrician,  vol.  xlix.  p*  6,  1902.  Also,  Der 
Mnltiplikationsstab,  etc.,  Elektrotechnische  Zeitscbrift,  No. 50,  1903. 
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diameter,  ending  in  a  Itnob  9-5'°°'  in  diameter,  the  length  over 
all  being  1  meter.  The  spark-lengtii  was  S'S^*"  in  air,  and  the 
Itnobs  were  liept  polished  for  good  effects. 

First,  the  Icngtl]  of  wire  reqnired  for  resonance  with  the 
oscillator  was  fonnd  as  explained  in  section  2.  The  experimental 
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disposition  is  kIiowii  in  diagraiii  1  of  figure  8,  distance  d  being  1 
mctt^r.  ami  curve  I  sliows  tiie  result.  Keeonance  was  well- 
iiiiirlvt'd,  Dttainiiig  a  inaxiiiiuin  wiiii  a  length  20+'"".  This  is  evi- 
.l(.'Titiy  tlio  lialf-"-avc-lcuiit!i  of  tlie  oscillator.-  Then  the  wire  AB 
WHS  iiiadein  SHffossi.in  ^<t4'""Rii(l  l(i:i''""  long,  and  atadistance. 
//,  (if  1  iiiettr,  WHS  cNiilorc'd  wln-n  exposed  to  the  action  of  the 
oscillator.     In  cai-lK-ase  there  was  a  wvll-iiiarked  fundamental. 
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With  the  wires  204^°''  long,  bent  at  the  middle  and  placed  as  in 
II,  the  oscillation  was  the  fundamental  proper  to  the  wire  with 
node  at  B.  When  a  wire  306'^'*  long  was  oent  and  placed  as 
in  III,  the  effect  was  weak  and  the  vibration  poorly  formed, 
as  shown  in  the  corresponding  curve.  There  is  a  loop  of  poten- 
tial at  each  free  end,  and  no  other  pronounced  feature.  With 
40gcm8  ^f  y^Q  doubled  and  bent  as  in  IV,  the  vibration  was 
perfectly  formed  with  nodes  at  B,D,  loops  at  A,C,E. 

Next,  a  wire  612*'°''  l^^^S?  ^^^  straight  portions  being  the 
same  as  in  IV,  and  the  bent  portion  ('D  being  204''™*  lonff, 
was  examined,  first  with  a  Braun  coherer  between  the  enas 
D,E,  and  secondly  with  the  ends  D,E  ioined  directly.  The 
effect  on  this  closed  circuit  was  small,  with  no  trace  of  nodes  or 
loops  to  be  found. 

Then  a  wire  280""*  long,  arranged  as  in  I,  was  explored. 
Here  the  wire  was  much  out  of  resonance.  The  vibration  was 
the  fundamental  proper  to  the  wire  and  very  well  formed. 

Lastly,  the  relation  between  the  magnitude  of  the  effect  and 
the  distance  of  the  resonating  wire  from  the  oscillator  was  deter- 
mined. For  this  the  wire  was  204""*  long,  and  the  distance 
d  was  varied  from  50  to  (500""*.  In  the  accompanying  curve 
abscissae  give  the  distance  d^  the  ordinates  the  corresponding 
demagnetization  of  the  detector  hung  on  the  end  of  the  wire. 
It  will  be  seen  that  the  curve  is  hyperbolic  in  form,  and  the 
effect,  therefore,  varies  inversely  as  the  distance. 

University  of  Toronto,  Toronto,  Canada. 
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Abt.  XLII. — Spectra  of  Oases  at  High  Temperatures;  by 

iowR  Trowbbidos. 

[Presented  at  the  Intematioiial  EHectrical  Congrefls  of  St.  I/mis,  1904.] 

The  new  theories  in  regard  to  the  complexity  of  the  atom, 
together  with  a  multiplicity  of  ionization  phenomena,  make 
the  results  of  spectrum  analysis  obtained  by  the  discharges  of 
electricity  in  glass  or  quartz  tubes  difficult  of  interpretation. 
To  use  ordinary  language,  "  so  many  things  can  happen,"  such 
as  dissociation ;  comoination  with  the  gases  set  free  from  the 
walls  of  the  containing  tubes ;  masking  of  the  spectrum  of  one 
gas  by  that  of  another,  reversals  of  spectrum  lines  and  so  on. 

These  complicated  conditions  which  accompany  our  study  of 
gaseous  spectra  make  it  almost  impossible  to  conclude  nx)m 
laboratory  experiments  that  we  have  imitated  the  phenomena 
presented  by  the  distant  stars. 

For  several  years  I  have  been  endeavoring  to  obtain  new 
series  of  hydrogen  lines  which  might  presumably  manifest 
themselves  at  very  high  temperatures.  In  the  progress  of  this 
work  I  have  obtained  a  number  of  interesting  facts  which  I 
shall  dwell  upon  in  a  brief  manner  in  this  paper ;  but  I  have 
failed  to  find  a  new  series  of  hydrogen  lines,  possibly  from  the 
reason  that  the  reactions  both  in  glass  and  quartz  vessels  mask 
the  series.  It  seems  impossible  to  experiment  at  a  higher  tem- 
perature than  I  have  obtained,  certainly  if  one  employs  such 
vessels  as  I  have  mentioned. 

My  investigations  have  been  conducted  with  a  storage  battery 
of  20,000  cells,  which  were  used  to  charge  large  condensers. 
The  advantages  in  using  a  storage  battery  for  experiments  in 
spectrum  analysis  are  well  recognized.  These  advantages  are 
especially  seen  in  the  employment  of  condenser  discnarges. 
W  hen  the  condensers  are  charged  through  a  large  liquid  resist- 
ance they  charge  to  the  same  potential  each  time,  and  then 
discharge  without  the  intervention  of  a  discharger,  through 
the  Geissler  tube.  The  number  of  discharges  can  be  closely 
regulated  by  the  amount  of  liquid  resistance  which  connects 
the  poles  of  the  condensers  to  the  battery.  The  regularity  of 
such  discharges  through  the  Geissler  tubes  is  remarkable.  In 
popular  language  one  can  call  the  arrangement  an  electric 
clock,  for  the  discharges  follow  each  other  at  regular  intervals. 
In  this  way  one  avoids  the  spark  at  a  discharger  and  is  sure  of 
always  obtaining  the  same  difference  of  potential  at  the  ends 
of  the  Geissler  tube. 

The  highest  temperature  to  which  one  can  submit  a  gas  is 
presumably  that  of  the  electric  discharge  from  a  condenser; 
opinions  differ  in  regard  to  the  degree  of  heat  which  one  can 
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obtain  bj  such  a  discharge.  The  liuiit  I  have  reached  is  the 
volatilization  of  silica ;  perhaps  1800  degrees.  At  this  tem- 
perature the  spectrum  shown  by  all  gases  in  narrow  capillary 
tubes  consists  of  a  continuous  spectrum  crossed  by  broad  bands 
due  to  silica  or  to  an  oxide  of  silica ;  the  gaseous  spectra  are 
completely  masked.  This  masking  seems  to  be  due  to  the 
greater  conductibility  of  the  volatilization  products  from  the 
walls  of  the  tubes  and  from  the  metallic  terminals.  It  seems 
to  me  that  this  variation  in  conductibility  is  sufficient  to  account 
for  the  phenomena  of  masking  without  recourse  to  a  theory 
of  electrons  which  provides  for  suitable  damping  of  electrical 
oscillations.  The  electron  theory  may  be  an  ultimate  explana- 
tion, however,  of  electrical  conduction. 

When  terminals  of  different  metals  are  employed  in  capil- 
lary tubes  of  glass  or  quartz,  and  are  separated  four  or  hve 
millimeters,  complicated  phenomena  result  from  powerful  con- 
denser discharges  through  the  rarified  gases  contained  in  these 
tubes. 

All  specimens  of  glass  which  I  have  tried,  soft  German  glass, 
lead  glass,  Borsilicon  glass,  or  Jena  glass,  give  broad  bands  due 
to  silica;  lead  glass  gives,  in  addition,  lead  lines.  Jena  glass 
gives  a  very  strong  line  of  boron  at  wave  length  3451'49. 
These  lines  and  bands  are  obscured  by  a  continuous  spectrum. 

The  narrow  capillaries  with  metallic  terminals,  which  I  have 
used,  may  be  called  electric  furnaces  in  which  there  is  no  per- 
manent product  or  permanent  decoinj)osition  ;  moreover,  the 
spectra  which  we  observe  do  not  reveal  all  that  the  capillaries 
contain.  Hydrogen  may  be  present;  hut  it  is  concealed. 
Oxygen  shows  its  ])resence  only  by  probable  oxides  ;  the  con- 
stituents of  rariiied  air  are  undoubtedly  always  there.  The 
conditions  which  prevail  in  the  case  of  discharges  in  such  nar- 
row capillaries  seem  to  be  analogous  to  those  in  the  case  of 
discharges  under  liquids.  In  this  latter  case  we  also  have 
reversals  of  metallic  lines ;  and,  moreover,  certain  character- 
istic lines  of  metals  are  wanting — see  '' S})eetra  from  the 
Wehnelt  Interrupteiv'  Harry  W.  Jlorse.  (Proe.  x\merican 
Academy  of  Sciences,  May,  1904:.) 

These  results  make  one  doubtful  in  regard  to  the  entire  sub- 
ject of  spark  spectra  which  are  observed  between  metallic 
terminals  in  ordinary  air ;  and  we  are  forced  to  ask,  what 
influence  does  the  environment  have  upon  the  character  of 
these  spectra — to  what  must  we  attribute  the  presence  of  oxy- 
gen ?  And  even  if  we  take  spark  spectra  between  metallic 
terminals  in  an  atmosphere  of  hydrogen  or  nitrogen  we  are  not 
sure  that  the  results  are  not  modified  by  the  gases  which  are 
occluded  in  the  metallic  terminals. 

Are  we  sure  that,  even  in  electrodeless  tubes,  helium  is  a 
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product  of  disintegration  of  radium ;  a  transmutation,  so  to 
speak ;  and  is  not  a  result  of  the  electrical  stimulus  in  the 
environment  of  glass  or  quartz  a  stimulus  which  may  bring  to 
light  the  helium  which  has  refused  to  manifest  itself  by  chem- 
ical analysis  ? 

In  general  it  may  be  said  that  the  greater  the  conductibility 
of  the  volatilization,  products  either  from  the  walls  of  the  tub^ 
or  from  the  metallic  terminals  determine  the  occurrence  of  the 
spectral  lines  or  bands.  The  spectrum,  for  instance,  of  silica 
completely  masks  the  spectrum  of  the  iron  terminals  when  the 
latter  are  placed  not  more  than  five  millimeters  apart.  When 
the  terminals  are  of  different  metals  the  spectrum  of  the  more 
volatilizable  metal  predominates :  or  more  strictly,  the  spectrum 
of  the  better  conducting  vapor. 

Another  striking  fact  brought  to  light  by  such  discharges  in 
capillaries  is  the  reversal  of  many  of  the  spectral  lines  on 
broad  bands.  The  broadening  of  the  lines  of  the  metals  is 
generally  toward  the  red  end  of  the  spectram.  The  quantity 
of  the  discharge  appears  to  be  the  important  factor  in  deter- 
mining the  character  of  the  spectra ;  electromotive  force,  per  sey 
does  not  give  new  lines  which  can  be  detected  by  photography. 
The  effect  of  high  electromotive  force  begins  to  be  evident  at 
high  exhaustions  and  then  only  in  producing  cathode  and 
X-rays. 

This  latter  fact  can  be  well  shown  by  a  Tesla  coil  actuated 
by  a  Cooper-Hewitt  mercury  interrupter  such  as  was  employed 
bv  Dr.  G.  W.  Pierce  (Proc.  Am.  Acad.,  1904).  With  a  suit- 
able  step-up  transformer,  in  connection  with  such  an  inter- 
rupter, I  have  studied  the  spectrum  of  hydrogen,  and  have  not 
obtained  a  spectrum  which  differed  from  the  one  obtained  by 
the  same  amount  of  energy  with  a  lower  voltage.  The  hign 
voltage  ranged  from  100,000  volts  to  3,000,000. 

The  broadening  of  metallic  lines  seems  to  indicate  an  oxidiza- 
tion. One  can  conceive  of  a  loading  of  the  metallic  molecule 
by  various  degrees  of  oxidization  wliich  leads  to  a  broadening 
towards  the  red  end  of  the  spectrum,  or  in  other  words  to 
longer  wave  lengths,  and  an  unloading  due  to  dissociation 
which  leaves  the  molecule  free  to  emit  shorter  wave  lengths. 
That  an  oxidization  results  from  a  discharge  of  electricity  in 
glass  or  quartz  tubes  filled  even  with  apparently  dry  hydrogen 
seems  to  me  to  be  evident  from  my  experiments.  Tne  unavoid- 
able presence  of  water-vapor  in  glass,  and  I  may  add,  in  quartz 
tubes,  lends  color  to  this  oxidization  tlieory  ;  tliis  vapor  is  dis- 
sociated by  the  electric  current,  the  oxygen,  set  free,  combines 
with  the  molecules  of  the  metals,  or  with  the  molecules  of 
silica  and  its  metallic  impurities. 

The  following  experiment  illustrates  this  oxidization  : 
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A  Gkiesler  tube,  fig.  1,  with  an  internal  diameter  of  one 
inch,  was  provided  with  an  inner  capillary,  one  end  of  which 
was  blown  to  the  walls  of  the  larger  tube  ;  the  other  end  was 
free  inside  this  larger  tube.  An  electric  discharge  passed 
between  two  ring  electrodes  A  and  B,  which  were  placed  in 
the  larger  tube.     The   discharge,  ^ 

therefore,  started,  so  to  speak,  in 
the  larger  tube,  passed  througli  the 
narrow  channel  of  the  capillary 
and  emerged  to  the  cathode.  The 
tube  was  rilled  with  pure  hydrogen 
which  was  dried  by  phosphoric 
pentoxide.  tTnder  the  eflfect  of 
powerful  condenser  discharges,  the  four-line  spectrum  was 
much  enfeebled  in  the  capillary  ;  the  red  color,  characteristic 
of  condenser  discharges  in  hydrogen,  gave  place  to  a  brilliant 
white  light,  and  when  the  capillary  was  viewed  end  on,  a  con- 
tinuous spectrum  was  seen.  When,  however,  the  discharge 
issued  from  the  capillary  a  l)rilliant  red  aureole  was  seen 
around  the  end  of  the  capillary.  This  aureole  gave  a  much 
enhanced  four-line  spectrum.  The  tetnperature  inside  the 
capillary  was  sufficient  to  volatilize  the  walls  of  the  capillary, 
and,  therefore,  was  competent  to  decompose  the  water-vapor 
into  oxygen  and  hydrogen.  Just  outside  the  end  of  the  capil- 
lary, the  temperature  fell  to  the  point  of  recombination  of  these 
gases  to  water-vapor. 

In  another  experiment  the  Geissler  tube  (7,  fig.  2,  was  placed 
between  two  manometer  gauges,  and  was  exhausted  to  such  a 
degree  that  the  electric  discharge  failed  to  pass.  One  end  of 
the  Geissler  tube,  that  nearest  to  the  ])ump,  was  shut  off  by 
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means  of  a  stopcock  B;  and  dry  oxygen  was  admitted  to  the 
pump  until  the  manometer  gauge  connected  with  the  pump 
mdicated  two  centimeters  pressure.  The  stopcock  was  then 
opened  so  as  to  admit  the  gas  to  the  Geissler  tube.  The  corre- 
sponding manometer  gauge  at  the  opposite  end  of  the  Geissler 
failed  to  register  the  requisite  equalization  of  pressure,  there 
having  arisen  an  oxidization  of  the  mercury  meniscus  by 
means  of  which  the  capillary  constant  between  it  and  the  glass 
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had  been  changed.  This  holding  of  the  mercury  meniscus  was 
large  and  had  to  be  overcome  by  vigorous  tapping  of  the  tube. 
An  analogous  effect  was  obtained  when  the  Geissler  tube  was 
filled  with  rarified  air,  and  also  when  it  was  filled  with  nitro- 
gen. When,  however,  it  was  filled  with  dry  hydrogen,  the 
nolding  effect  was  comparatively  inappreciable.  The  oxygen 
produced  by  the  dissociative  erfect  of  the  electric  discharge 
combined  with  the  hydrogen  and  no  longer  oxidized  the  sur- 
face of  the  mercury.  In  this  connection  it  may  be  observed 
that  the  mercury  meniscus  in  the  Lippman  electrometer  is 
affected  principally  when  it  is  made  the  positive  pole,  and, 
therefore,  oxygen  is  liberated. 

Perhaps  the  most  striking  experiment  in  this  connection  can 
be  made  with  the  steady  current  from  a  large  storage  battery. 
When  Geissler  tul)es,  preferably  of  half  a  centimeter  internal 
diameter,  are  provided  ^vith  copper  terminals,  and  are  filled 
with  dry  hydrogen  at  pressures  oi  one  millimeter  to  one-tenth 
of  a  millimeter,  a  steady  diminution  in  the  pressure  of  the  gas 
results  from  the  application  of  the  discharge;  the  light  of  the 
spectrum  grows  dimmer  and  dimmer,  then  the  cathode  rays 
appear,  finally  the  X-rays,  and  then  no  discharge  can  be  forced 
througli  the  tube  until  a  much  higher  electromotive  force  is 
employed,  or  heat  is  applied  to  the  tube.  This  heat  evidently 
drives  off  water-vapor  from  the  walls  of  the  tube  together 
with  air  ;  a  fresh  application  of  the  steady  current  again  dimin- 
ishes the  pressure  in  the  tube  to  an  apparent  vacuum.  Thus 
one  can  exhaust,  so  to  speak,  a  Geissler  tube  by  employing  a 
steady  current  of  electricity  to  dissociate  the  ever  present 
water-vapor.  With  copper  electrodes,  the  oxidization  pro- 
duced by  this  dissociation  is  more  evident  than  with  the  other 
metals;  although  I  have  observed  it  with  magnesium  termi- 
nals, with  iron  terminals  and  with  other  metals. 

These  experiments  lead  me  to  l)elieve  that,  just  as  in  chem- 
ical reactions,  a  certain  amount  of  water-vapor  or  humidity  is 
essential  to  conduction  in  gases  whether  brought  about  by 
what  is  called  chemical  affinity  or  electrolytic  action. 

I  have  dwelt  upon  the  broadening  of  the  lines  of  metals  in 
capillary  tubes.    This  phenomenon  is  also  observed  with  hydro- 

fen  lines,  and  was  first  noticed  by  Liveing  and  Dewar,  Chem. 
fews,  xlviij  p.  122,  1883.  These  authors  attributed  the 
broadening  to  compression  of  the  gas  in  the  narrow  capillary 
under  the  effect  of  a  powerful  condenser  discharge.  Their 
method  of  experiment  was  as  follows  :  The  tube  was  exhausted 
only  to  perhaps  five  or  six  centimeters  pressure,  so  that  a  white 
discharge  of  a  spark  nature  passed  througli  the  capillary  and 
then  spread  out  to  electrodes  placed  in  the  large  ends  of  the 
tube.     When   the  tube  was  viewed  end-on,  a  continuous  spec- 
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trum  was  seen  in  the  capillary ;  moreover,  this  eontinuons 
spectrum  was  crossed  by  a  dark  line  which  resulted  from  the 
aosorption  of  heat  in  the  colder  layers  of  gas  in  the  larger 
portions  of  the  tube. 

The  broadening  of  the  spectra  of  the  vapors  of  metals  which 
I  have  observed  in  capillary  tubes  has  thus  its  analogy  in  the 
case  of  gaseous  6]>ectra. 

Having  obtained  reversals  of  the  spectra  of  metallic  vapors 
under  new  conditions,  I  was  naturally  interested  in  the  experi- 
ment of  Liveing  and  Dewar,  especially  since  a  controversy  had 
arisen  between  JVI.  Cantor  and  rl.  Pringsheim  in  regard  to  the 
possibility  of  the  reversal  of  gaseous  lines  in  Geissler  tubes. 
ii.  Cantor*  concluded  from  his  experiments  that  such  reversals 
do  not  occur  in  the  phenomena  of  luminescence,  such  as  one 
obtains  by  the  discharges  of  electricity  in  Geissler  tubes. 
Pringsheim  objected  to  these  conclusions  on  the  ground  that 
Cantor  did  not  observe  a  sufRciently  narrow  portion  of  the 
spectrum  of  the  gas  and  did  not  use  suthcient  dispersion. 
Jrringsheimf  quotes  the  results  of  Liveing  and  Dewar  in  sup- 
port of  his  position. 

In  repeating  Liveing  and  Dewars  experiment,  it  occurred  to 
me  that  objection  might  be  brought  against  it  on  the  ground 
that  it  was  a  spark  discharge  and  not  a  clearly  marked  glow  or 
luminiscent  discharge  such  as  (^antor  evidently  had  in  mind. 
I,  therefore,  placed  a  second  spark  ga[)  (tig.  8,  S)  just  outside 
the  inner  capillary  of  the  large  Geissler  tube  provided  with  an 
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inner  capillary,  as  I  have  previously  described  in  speaking  of 
the  temperature  inside  a  capillary  and  in  the  space  just  outside. 
The  discharge  passed  iirst  through  the  capillary  and  then  by 
means  of  an  outside  ctmnection  through  the  second  spark  gap ; 
thus  the  light  from  the  cai)illary  passed  through  the  light  from 
the  second  spark  gap.  In  both  cases  the  light  was  a  glow  or 
luminescence  and  not  a  white  spark  discharge,  the  pressure  in 
the  tube  being  from  one  to  two  centimeters. 

A  Rowland  grating  was  employed  and  an  eye-piece  was 
fixed  on  the  C  line  of  hydrogen.  The  second  spark  gap  gave 
a  fine  bright  line  of  the  apparent  length  of  the  slit,  the  capil- 

»  Ann.  der  Phys.,  8,  462,  1900. 
jAnn.  derPhys.,  5,  1900. 
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lary  a  coDtinuons  spectram,  and  where  the  fine  bright  line 
crossed  this  eontinaous  spectrum,  it  was  reversed. 

KirchhofPs  law  of  raaiation  thus  applies  to  the  radiation  in 
Geissler  tubes,  and  Pringsheim's  contention  is  justified.  If 
the  solar  corona  is  an  electrical  phenomenon  of  the  nature  of 
luminescence,  it  can  exhibit  either  bright  lines  or  dark  lines 
according  as  it  is  hotter  or  colder  than  the  background. 

In  this  study  of  the  upper  limit  of  temperature  which  one 
can  reach  by  electric  discharges  through  rarified  ffases,  we  per- 
ceive that  spectrum  analysis  is  one  of  the  most  dimcult  analyses 
which  modem  science  has  revealed.  There  are  a  few  broad 
facts  such  as  Doppler's  principle  and  the  reversal  of  spectral 
lines  according  to  KirchhoflPs  law ;  on  the  other  hand,  there  is 
ionization,  dissociation,  adsorption  and  absorption,  all  modified 
by  the  glass  or  quartz  vessels  which  must  be  employed. 

M.  Cantor  calls  attention  to  the  fact  that  Hittorf  failed  also 
to  observe  reversals  of  spectral  lines  in  the  case  of  electric  dis- 
charges in  Geissler  tubes.  Hittorf  speaks  of  a  first  series  of 
hydrogen  lines  which  are  seen  with  feeble  discharges.  This 
feeble  spectrum  with  its  bands  seems  to  be  a  peculiarly  lumi- 
nescent effect  in  which  any  translatory  or  colliding  enect  of 
the  molecules  is  a  minimum.  The  new  theories  in  regard  to 
the  composite  nature  of  the  atom  seem  to  demand  an  exten- 
sion of  our  views  in  regard  to  the  nature  of  the  light  emitted 
by  atoms  and  their  aggregates  under  the  stimulus  of  an  elec- 
tric discharge.  The  phosphorescent  and  fluorescent  light  of  a 
gas  under  this  stimulus  may  arise  from  the  mechanism  of  the 
atom  and  therefore  may  not  give  sensible  heat.  The  combina- 
tion of  atoms  into  molecules,  and  their  dissociation  and  forma- 
tion of  new  combinations,  may  give  the  spectra  we  usually 
observe  under  the  effect  of  fairly  strong  electric  discharges, 
and  provide  the  sensible  heat  which  can  be  measured  by  the 
bolometer  or  the  thermal  junction. 

Spectrum  analysis  of  the  future  thus  becomes  more  and 
more  difficult  of  application,  and  one  of  its  most  important 
fields  is  in  the  study  of  phosphorescent  and  fiuore^ent  light 
emitted  by  gases.  We  seem  to  be  on  the  point  of  regarding 
the  light  and  heat  of  the  sun  more  from  tne  electrical  stana- 
point.  And  the  study  of  discharges  of  electricity  in  rarified 
gases  assumes  a  great  importance. 
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IT.  XLIII. — Two  New  River  Reptile  from  the  Tiianothere 

Beds  ;  by  F.  B.  Loomis. 

Although  the  Titanotliere  beds  of  the  White  River  forma- 
»n  are  usnally  regarded  as  of  flood  plain  origin,  the  known 
jtinctively  river  animals  are  very  few.  Such  forms  as  Elo- 
driom  and  Csenopus  lived  along  the  river  banks;  but  of  those 
relling  in  the  water  itself,  none  has  been  described,  although 
casionally  a  reference  is  made  to  fragments  of  Trionyx.  The 
xiherst  College  Expedition  of  1903  found  two  well-preserved 
^er  forms,  which,  together  with  a  remarkable  case  of  rede- 
sition  of  Cretaceous  fossils  in  the  White  River  beds,  make 
B  basis  of  this  paper. 

Several  times  in  the  Oligocene  "Bad  Lands"  along  the 
leyenne  River  fragments  of  crocodilian  dermal  scutes  were 
and ;  and,  finally,  in  the  Finney  Breaks  near  Fulsom  Post 
fice,  S.  D.,  a  specimen  came  to  light,  consisting  of  10  verte- 
8B,  25  dermal  scutes,  the  femur,  tii)ia,  astragulus  and  a  num- 
r  of  fragments.  Then,  in  the  museum  of  the  South  Dakota 
hool  of  Mines,  Prof.  O'liara  showed  me  a  crocodilian  snout, 
md  in  the  Titanotliere  beds  in  Indian  Draw,  distant  some 
:  miles  from  the  first  specimen.  This  imj)erfect  skull  is  used 
the  type  of  the  new  species  ;  and  the  skeletal  ])arts,  inas- 
leh  as  they  are  of  dime!isi<^ns  appropriate  to  the  skull,  are 
'erred  to  the  same  species,  of  whicli  the  following  is  the 
acription. 

'ocodilits  prenasaliSy  nov.  spec.     Figs.  1-0;   1-0,  Xi,  7-9,  x|. 

The  front  end  of  the  cranium  with  nine  tooth  alveoli  on 
her  side  is  preserved,  together  with  the  auteri(^r  part  of  the 
ver  jaw,  still  in  position.  The  snout  is  brt>ad  and  short, 
licatmg  a  wide  head.  The  undivided  nasal  opening  is  very 
•  fon^'ard,  and  differs  from  that  of  other  crocodiles  in  the 
k  of  a  distinct  anterior  border,  this  portion  of  the  nasal 
nty  having  a  smooth,  rimless  boundary  on  the  pnemaxilla. 
le  nostril  opening  would  seem,  therefore,  to  have  been 
•ected  to  the  front  rather  than  uj)ward  on  top  of  the  snout. 
his  lack  of  a  rim  gives  the  snout  a  distinctly  nianunalian 
pearance.)  The  boundaries  of  the  frontals  are  not  distinct, 
t  if  what  appears  to  be  the  suture  is  correct,  they  are  unusu- 
Y  wide.  Their  upper  surface  is  covered  with  good-sized 
8.  On  the  left  side,  just  where  the  snout  is  broken  oif,  is  a 
istriction  on  the  nuixilla  to  receive  a  tooth  of  the  lower  jaw. 
is  comes  just  behind  the  ninth  superior  tooth,  but  just 
ich  tooth  of  the  lower  jaw  would  fit  into  it  caimot  be  deter- 
ned,  as  the  two  jaws  are  closely  interlocked.  The  two 
ves  of  the  lower  jaw  are  completely  fused  at  the  symphysis. 
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The  teeth  preBerv^ed  (the  eighth  and  fourth  snperiora  on  the 
left  side)  are  conical,  slender  and  slightly  recarvea. 

The  vertebrte  are  all  deeply  procflelooB.  Thoee  of  the  Inm- 
har  region  have  heads  (posterior),  which  are  short,  wider  than 
high  and  rectangular  in  outline.  Those  of  the  dorsal  region, 
however,  are  smaller  and  have  prominent  conical,  rounded 
beads. 


The  dermal  scutes  are  of  many  shapes,  mostly  qnadrilaterol. 
Some  huve  sutures  on  both  lateral  margins  and  seem  to  hare  ' 
been  in  rows  up  and  down  the  back.  I  should  jndge  there 
were  four  rows.  Some  have  the  suture  along  one  side  only, 
and  must  have  belouged  to  the  outside  rows.  And  lastly,  a  few 
seem  to  have  lain  free  in  tlie  fle.'ih,  having  no  trace  of  a  con- 
tact. Types  of  each  sort  are  figured  (fi^.  7-9,  X+'.  All  are 
deeply  and  profusely  pitted.  Those  which  were  m  the  rowi 
have  a  more  or  less  marked  ridge  ruiming  lengthwise. 
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The  femnr  has  awide  flattened  head,  the  articulation  extend- 
ing aronnd  the  whole  end  ae  in  the  modem  forme.  The  tibia 
is  very  like  that  of  a  living  C.  palustria,  as  iB  also  the  aBtraf;- 
alns,  which,  however,  has  a  shorter  heel. 


For  measurements  see  the  figures,  which  are  all  to  scali 
Chrysemyx  inornala,  nov.  spec.     Figs.  10,  II. 

The  genus  Chrysemys.  to  which  Ifay*  aserilics  many  of  the 
Eoteiie  species  cleserilied  as  Hniys,  has  not  hcen  heretofore 
found  in  the  Oligocene,  althongli  to  lie  expected  in  river 
deposits.  Agood  many  Muall  undetorniinahle  fragments  were 
picked  lip  through  the  summer;  and  finally,  while  excavating 
a  titanotherium  skeleton  at  the  head  of  liear  {.'reek  in  Spring 
Draw  Basin — ten  miles  east  of  Creston  Post  Office, — directly 
under  the  skull,  as  though  crushed  hy  the  fall  of  that  animal, 
was  discovered  a  complete  eanipace  and  plastron  of  C.  inornata. 

The  carapace  is  broadly  oval  and  but  moderately  convex. 
The  anterior  margin  ha<^  a  shallow  median  notch  :  the  posterior 
a  distinct  median  notch,  and  on  either  side  three  diminishing 
scallops,  one  on  each  marginal  plate.  The  nuchal  plate  is 
much  wider  than  long:  so  that  its  lateral  corners  underlie  the 
first  costal  scute  on  either  side.  The  antoro-lateral  horders  of 
vertebral  plates  numbers  1  to  tj  are  much  shorter  tlian  the  pos- 
tero-lateral  borders.  The  anterior  sulcus  of  dorsal  scute  num- 
ber 5  crosses  the  anterior  end  of  neural  plate  No.  9.  In  general 
appearance  this  s]>ecies  closely  resembles  Kmija  hitiwrtibfalis 
Copef  from  the  Wasatch :  hut  on  C.  tnoniata  the  posterior 
margin  is  scalloped  (resembling  C.  scripla  in  this  respect). 
Then  in  E.  laiii^ertebralis  the  nuchal  jnate  does  not  extend 
under  the  first  costal  scute.  Lastly,  the  tenth  neural  plate  of  O. 
inomata  is  longer  than  that  of  £!.  lativerCebralis,  while  the 
eiglith  is  shorter. 

The  plastron  is  about  two-thirds  the  width  of  the  carapace, 
the  meeo-stemal  plate  being  anterior  to  the  peetero-humeral 
suture.     This  plate  is  as  wide  as  long  and  broadly  rounded. 

■BnU.  V.  8.  Gml.  Snrr..  No.  17B,  p.  447.  Thia  Journal  (4),  iWu,  367, 
1M4.  1 0»>8- Sdtt.  WMt  of  100  MerLdiui,  io\.  W.'p.^. 
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The  posterior  lobes  of  the  plastron  end  in  broad  points,  due  to 
the  inner  margin  of  the  anal  pUtes  being  deeply  excavated. 

The  shell  tnronghont  is  tnin,  the  snturEs  being  stronglj 
marked. 


The  following  are  the  most  important   meaearemente,  all 
jtarts  of  the  drawinge  being  to  scale. 


Length  of  carapace 

Widih  of  eaiapaw;   

Jrfiigth  of  plaatroti 

Width  of  plastron   

Length  of  meso-Btornum  . 
Width  of  mcBOBternum  .. 
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Along  with  these  foesils  was  an  nauBnal  bit  of  evidence  of 
the  river  origin  of  the  Titanothere  beds,  sapplementary  to  that 
already  given  by  Matthew*  and  others.  On  the  head  of  Bear 
Creek  and  along  the  north  eide  of  Spring  Draw  BaeJn,  about 
thirty  feet  above  the  undoubted  base  of  the  White  River  beds, 


was  found  a  considerable  collection  of  Ft.  Pierre  fossils.  The 
collection  consists  of  15  Baculites  ovatus  S.,  2  Baculites  grandis 
H.  &  M,  Over  100  baculites  were  seen,  but  only  such  as  had 
satisfactory  sutures  were  saved,  and  a  specimen  of  a  Mosasaur 

•Mntthew,  Amer.  Nat.,  toI.  iiriu,  1899,  p.  403;    Db™,  Proc,  Amer. 
Acftd.  Arts  uid  ScieuCGB,  vol.  zxxr,  1900,  p.  845. 
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(Platycarpus  f)  consisting  of  20  vertebrfle,  2^  paddle  pieces  and 
some  fragments,  28  bones  in  all.  All  of  these  occurred  in  con- 
cretions similar  in  shape,  size  and  strnctore  to  those  in  the  Ft. 
Pierre  but  lighter  in  color,  and  stained  with  hfleinatite  on  the 
outside  and  wherever  weathered.  The  baculites  occurred  over 
an  area  about  three  miles  in  diameter,  in  many  places  in  great 
abundance.  However,  in  none  of  the  neighboring  localities 
did  any  trace  of  these  fossils  occur ;  although  the  Titanothere 
beds  were  carefully  examined  for  more  such  material.  The 
species  are  those  not  uncommon  in  the  neighboring  Ft.  Pierre. 
The  underlying  Oligocene  is  mostly  the  typical  wnite  chalk  of 
the  formation,  with  near  the  base  some  beds  of  sand  and  gravel. 
In  the  chalky  beds  about  six  feet  above  the  base  of  .the  White 
River  formation,  and  25  feet  below  the  Ft.  Pierre  fossils, 
Titanotherium  bones  were  collected.  The  beds  are  clearly 
Oligocene  :  the  fossils  clearly  Cretaceous. 

But  one  explanation  is  at  all  adequate,  and  that  is,  that  the 
river  depositing  the  Titanothere  beds  suppleniented  the  load  of 
mud  its  waters  were  carrying  by  washing  out  the  Ft.  Pierre  of 
its  banks,  and  carried  this  along,  depositing  it  with  the  rest. 
The  distance  probably  was  not  great.  The  current  must  have 
been  rapid  however ;  for  the  concretions  were  carried  with  the 
fossils.  This  is  certain,  for  the  baculites  would  never  stand 
transportation  without  breaking,  except  in  the  concretions. 
Then  28  bones  of  a  Mosasaur  were  not  excavated,  carried  along 
and  redeposited  together,  unless  held  by  a  matrix.  The  size  of 
the  concretions  is  from  one  to  three  feet  in  diameter,  indica- 
ting what  the  force  of  the  current  must  have  been.  Inasmuch 
as  tlie  nature  of  the  material  making  up  the  Titanothere  beds, 
and  the  contained  fauna,  have  already  been  considered  sufficient 
evidence  for  the  river  origin  of  tiiese  beds,  such  a  case  of  rede- 
position  seems  to  me  conclusive  evidence  of  the  flood  plain 
formation  of  the  beds.  And  the  foregoing  has  given  two  at 
least  of  the  forms  living  in  the  river. 

EXPLANATION  OF  FIGURES. 

Fig.  1. — Crocoditus  prenasalis  nov.  spec,  snout  of  specimen  No.  1  seen 

from  above,      x  J. 
Fia.  2. — Same  seen  from  below,      x  |. 
Fio.  3. — Crocodilus prenasalis  nov.  spec,  specimen  No.  2  dorsal  vertebra. 

x^. 
Fio.  4. — Tibia  of  same,     x  ^. 
Fig.  5. — Femur  of  same,     x  ^. 
Fig.  6. — Astragalus  of  same.      x|. 
Fig,  7. — Dermal  scute  with  two  margins  sutured,      x  \. 
Fig.  8. — Dermal  scute  with  one  margin  sutured,      x  \. 
Fig.  9.— Dermal  soute  which  lay  free  in  the  skin,      x  {, 
Fig.  10. — Chrysemys  inornata  nov.  spec,  carapace,      xf. 
Fig.  11.—        **  **  **        **     plastron,     xf. 
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Art.  XLIV. — Emmonsite   (?)  from  a  New  Locality    ;   by 

W.    F.    IIlLLEBRAND. 

Db.  Waldemar  Lindgren,  of  tlie  Geological  Survey,  col- 
lected in  the  W.  P.  H.  mine  at  Cripple  Creek,  Colorado,  a  green 
mineral  which  has  been  observed  in  other  mines  there,  and 
which  on  examination  in  the  laboratory  showed  close  resem- 
blances  to  the  emmonsite  described  bv  the  writer  nearly  twenty 
years  ago.*  It  differed  from  it,  however,  in  outward  appearance 
by  assuming  mammillary  forms  instead  of  crystalline  plates.  In 
its  optical  properties,  so  far  as  they  were  determinable,  there  is 
perhaps  no  positive  disagreement  with  those  reported  for 
emmonsite.     Mr.  W.T.  Schaller  reports  as  follows  : 

"There  are  two  cleavages,  one  parallel  to  i(OlO)  and  another 
parallel  to  a  form  in  the  orthozone.  Axial  plane  parallel  to  h 
(010).  IJa?ft  perpendicular  to  a  cleavage  face  in  the  orthozone. 
The  extinction  on  the  elinopinacoid  is  inclined  25°  to  30°  to 
the  vertical  axis.  2E  is  approximately  40°.  Double  refraction 
medium,  and  the  mineral  non-pleochnac." 

The  gangue  in  which  the  specimens  were  found  is  granite 
and  schist,  close  to  their  contact  with  a  i)orphyritic  breccia,  in 
a  vein  pocket,  at  a  distance  of  about  150  feet  from  the  surface. 
Associated  with  it  was  very  rich  native  gold  ore  and  also  tel- 
lurite, though  neither  of  thcvse  was  apparent  on  the  few  speci- 
mens that  came  to  the  laboratory. 

Like  emmonsite,  the  mineral  melts  at  a  low  heat  to  a  red- 
brown  liquid,  but,  unlike  it,  gives  on  stronger  heating  only 
tellurous  oxide  with  no  tmce  of  selenium  or  selenious  oxide. 
Analysis  confirmed  the  absence  of  selenium.  Its  density,  too, 
differs  from  that  of  emmonsite,  if  the  determinations,  in  both 
cases  on  scanty  material,  are  to  be  dej)ended  on.  After  allow- 
ing for  gangue  the  original  emnujnsite  was  judged  to  have  a 
density  of  at  least  5,  wniile  that  of  the  present  mineral  is  but 
little  above  4*53,  after  allowing  for  22*44  per  cent  of  gangue, 
consisting  mainly  of  quartz,  and  to  which  the  specific  gravity 
of  quartz  was  assigned. 

In  its  appearance  tlie  present  mineral  would  seem  to  resemble 
durdenite  more  than  emmonsite,  but  the  marked  difference  in 
water  content  differentiates  it  sharply  from  that  mineral,  which 
yields  over  ten  percent. 

After  deducting  22*44  per  cent  of  gangue  containing  over 
90  per  cent  of  silica,  three  portions  of  from  0"15  to  0*20  gram 
net  weight  each  gave  the  following  results  : 

♦  Proc.  Colorado  Sci.  Soc,  ii,  20,  1885. 
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TeO, 70-83 

Fe.O, 22-67 

H.O  at  100** 


« J.    4-08 

H.O  above  100** 


1 


., 


P.O. 0-34 

ALO. 


'\^% 


SiO„  etc.* 


Mean. 

Batios. 

71-80 

70-20 

70-71 

3-16 

22-81 

22-79 

22-76 

1-00 

4-82 

0-21 

0-21 

4-64 

1-77 

0-34 

0-68 

0*64 

0-56 

0-88 

100-00 


Allowing  alumina  to  offset  the  P,Oj,  though  it  may  belong  to 
a  soluble  silicate  or  to  the  tellurite  and  a  small  proportion  of 
iron  be  demanded  for  the  PjO,,  the  ratios  given  in  the  final 
column  result.  They  areas  unsatisfactory  as  those  afforded  by 
the  original  emmonsite,  which  were  for  Fe,0,:  TeO„  1 :  3-65  in 
the  original  description  and  1 :  3-75  : 1-82  for  Fe.O, :  TeO, :  H,0 
if  the  supplementary  determinations  in  this  Journal,  xl,  81, 
1899,  are  accepted.  The  presence  of  tellurite  in  association 
with  the  green  mineral  suggests  a  possible  explanation  of  the 
failure  to  obtain  a  simple  ratio,  though  such  contamination  was 
not  noted  in  the  material  analyzed  nor  on  the  neighboring 
gangue.  If  this  explanation  is  correct,  however,  the  variation 
from  the  original  emmonsite  ratio  becomes  still  more  marked. 
Provisionally  the  mineral  may  be  regarded  as  emmonsite. 

The  above  results  are  given  in  some  detail,  notwithstanding 
their  inconclusiveness,  because  of  the  importance  of  accumula- 
ting data  regarding  the  as  yet  small  but  interesting  group  of 
ferric  tellurites,  and  inciting  collectors  and  mining  men  to  care- 
ful search  for  and  preservation  of  further  material  for  more 
extended  study. 

Thus  far,  emmonsite,  durdenite,  and  an  unnamed  mineral 
from  Cripple  Creek,  described  by  Knight  in  the  Proc.  Colorado 
Sci.  Soc,  V,  66,  and  affording  likewise  unsatisfactory  ratios, 
comprise  the  list  of  natural  ferric  tellurites,  the  formula  of 
no  one  of  which  can  be  regarded  as  established  beyond  ques- 
tion. 

U.  S.  Geological  Survey,  Washington,  D.  C,  Oct.  1904. 

*  Includes  alkalies,  traces  of  magnesia  and  gold,  and  a  small  amount  of  i 
metal  or  metals  precipitable  by  hydrogen  sulphide,  whose  identity  oonld  not  be 
established. 
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Abt.  XLV. — The  Matawan  Formation  of  Maryland ^  Dela-^ 
ware^  and  New  Jersey^  a/nd  its  relations  to  overlying  and 
underlying  Formations  ;  by  Wm.  Bullock  Clark. 

The  name  Matawan  was  proposed  by  the  author  in  an 
article  published  in  the  Journal  of  Geology  in  1894  and  was 
there  described  as  equivalent  in  a  general  way  to  the  term  Clay 
Marls  of  Professor  Cook.  The  chief  characteristics  of  this 
series  of  strata  had  been  briefly  discussed,  however,  two  years 
earlier  in  the  Annual  Report  of  the  State  Geologist  of  New 
Jersey  for  1892.  In  this  earlier  publication  the  separation  of 
the  deposits  into  a  lower  clayey  and  an  upper  sandy  member 
was  indicated,  although  the  names  Crosswicks  clays  and  Ilazlet 
sands  were  not  introduced  until  1897  in  an  article  published  in 
the  Bulletin  of  tlie  Geological  Society  of  America. 

The  work  of  the  writer  on  the  Cretaceous  stratigraphy 
of  the  Middle  Atlantic  Coastal  Plain  has  been  conducted 
primarily  for  the  U.  S.  Geological  Survey,  and  was  started  in 
Monmouth  County,  New  Jersey,  beginning  in  1891.  The 
results  of  these  early  investigations,  published  the  following 

J  ear  in  the  Annual  Report  of  the  State  Geologist  of  New 
ersey  for  1892,  which  was  accompanied  by  a  "  preliminary 
geological  map,"  represent  mainly  the  conclusions  which  were 
reached  from  a  study  of  that  local  district.  A  wider  extension 
of  the  studies  after  1891,  both  in  New  Jersey  and  Maryland, 
led  to  the  preparation  of  the  fuller  article  published  m  the 
Bulletin  of  the  Geological  Society  of  America  in  1897,  in 
which  certain  modifications  were  made  in  earlier  views.  The 
practical  completion  of  the  detailed  mappin<|^  of  the  Cretaceous 
formations  in  New  Jersey  and  in  Maryland  the  present  season 
has  now  led,  it  is  believed,  to  a  fairly  close  approximation  to  a 
correct  interpretation  of  the  conditions  represented  in  the  entire 

f)rovince  between  the  Potomac  and  the  Rarit^m  rivers.  In  the 
ight  of  the  Maryland  work,  the  earliest  maps  prepared  in  New 
Jersey  have  been  more  or  less  modified  in  local  details,  although 
the  general  results  remain  the  same. 

In  a  discussion  of  the  Coastal  Plain  fonnaticms  of  Maryland 
and  New  Jersey,  it  should  be  borne  in  mind  that  the  entire 
series  of  Upper  Cretaceous  deposits  amount  to  scarcely  five 
hundred  feet  in  total  thickness,  and  that  the  beds,  as  far  as 
known,  are  practically  conformable  throughout.  Beginning 
with  clays  and  sands  slightly  glauconitic,  they  pass  over  into 
greeosand  marls.  Five  formations  have  been  defined  and 
mapped,  and  several  subdivisions  of  most  of  these  formations 
described  by  the  writer. 

In  order  that  the  conclusions  reached  by  the  author  and  his 
associates  may  be  clearly  understood,  the  following  discussion 
of  the  stratigraphic  relations  of  the   Matawan  foriu^lvcycL  S& 

Ax.  JOVR,  80i.—FOVBTH  SXRIKS,  VoL.  XVIII,  Ko.  lOS.— T3^c^:>^.^^^A^^^« 
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introduced.  With  the  extension  of  the  work  southward  from 
Monmouth  County,  and  more  particularly  with  the  study  of 
the  stratigraphy  in  Maryland,  we  soon  came  to  the  conclusion 
that  the  reddish  brown  sands  (Mt.  Laurel  sands,  called  Weno- 
nali  sand  by  the  New  Jersey  Geological  Survey)  beneath  the 
Lower  Marl  bed  (Navesink  marls)  properly  belonged  with  the 
Kavesink  marls  and  Redbank  sands  above  rather  than  with  the 
Matawan  below.  The  Redbank  sands  were  found  to  disappear 
in  about  the  latitude  of  Philadelphia,  bringing  the  Navesink 
marls  in  Camden,  Gloucester,  and  Salem  counties.  New  Jersey, 
into  immediate  contact  with  the  Rancocas  marls  above,  from 
which,  however,  they  can  be  separated  by  their  contained  fos- 
sils and  by  their  more  or  less  distinctive  materials.  The 
Monmouth  formation  was  established  to  embrace  the  three 
beds.*  In  Maryland,  however,  no  such  differentiation  of  the 
Monmouth  is  discernible,  the  only  deposits  found  between 
the  Matawan  formation  below  and  the  Rancocas  formation 
above  being  more  or  less  homogeneous  red  sands,  glauconitic 
from  base  to  top.  Earlier  attempts  to  maintain  the  New  Jersey 
subdivisions  in  Maryland  have  not  proven  satisfactory.f     A 

f proper  division  of  the  Cretaceous  deposits  would  therefore  call 
or  a  drawing  of  the  line  between  the  Matawan  and  Monmouth 
formations  below  rather  than  above  the  Mt.  Laurel  sands. 

A  lens  of  clays  and  interbedded  sands  lying  beneath  the 
typical  Matawan  at  Cliffwood,  New  Jersey,  on  the  shores  of 
the  Raritan  Bay,  and  included  by  the  writer  in  that  formation 
in  his  "  Preliminary  Geological  Map  of  portions  of  Monmouth 
and  Middlesex  counties,  New  Jersey,"  accompanying  the  report 
of  the  State  Geologist  for  1892,  has  been  the  subject  of  much 
discussion  of  late,  although  none  of  the  views  thus  far  advanced 
seem  to  afford  an  adequate  explanation  of  the  conditions  there 
presented.  The  clays,  which  are  more  or  less  micaceous  and  at 
times  sandy,  possess  many  features  in  common  with  the  typical 
Matawan  deposits  above,  even  to  the  occurrence  now  and  then  of 
patches  of  glauconite.:j:  Tiie  interbedded  sands,  as  well  as  the 
lack  of  contmuity  of  the  clay  beds,  suggest,  on  the  other  hand, 
conditions  characteristic  of  the  Raritan,  although  the  deposits 
as  a  whole  show  quite  marked  differences  from  the  typical 

*BuU.  Qeol.  Soc.  Amer.,  vol.  viii,  pp.  815-358,  1897. 

f  The  idea  has  been  advanced  that  the  Maryland  Monmouth  may  perhaps 
represent  the  Mt.  Laurel  sands  alone,  and  that  the  Navesink  marls  aJoug  with 
the  Redbank  sands  have  disappeared  in  Maryland,  but  the  long  distance 
between  the  last  outcrop  in  New  Jersey  and  the  first  occurrence  on  the  west 
side  of  the  Delaware  Bay  renders  it  unwise  to  draw  such  a  conclusion  from 
the  data  now  at  hand.  The  deposits  have  furnished,  to  be  sure,  specimens  of 
Belemnitella  am  erica  na^  which  is  a  distinctly  lower  Monmouth  form  farther 
north,  but  as  they  did  not  come  from  the  higher  beds  of  the  Delaware- 
Maryland  strata  tha  evidence  is  not  conclusive. 

t  Mr.  E.  W.  Berry,  on  a  recent  visit  to  the  locality,  removed  a  small  envelope 
full  of  glauconitic  material  from  one  of  these  patches  below  the  debatable 
oontact  of  the  Matawan.  The  writer  has  also  found  glauconite  in  these  beds, 
although  the  ])atche8  are  very  mlTec\}ieiiVi. 
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Raritan  beds.  The  most  important  feature  connected  with 
this  occurrence  is  the  presence  of  a  typical  Cretaceous  marine 
fauna,*  part  of  the  species  beinjs;  similar  to  the  overlying  Mata- 
wan, and  a  flora*  containing  many  representatives  of  genera 
more  recent  than  those  in  the  Raritan  below.  Mr.  E.  W. 
Berry ,t  who  has  recently  studied  this  flora,  finds  that  only  37 
per  cent  of  the  forms  occur  in  tlie  Raritan  and  among  these  the 
oldest  and  most  characteristic  types  are  lacking.  In  an  earlier 
communication  I  referred  to  the  lack  of  a  clear  line  of  separa- 
tion between  these  beds  and  the  typical  Matawan  above.  At 
the  time  of  my  first  and  only  study  of  the  occurrence,  thirteen 
years  ago,  the  sections  were  much  less  distinctly  exposed  than 
at  present,  slips  obscuring  the  upper  beds,  I  felt  in  much 
doubt  at  the  time  as  to  whether  the  beds  belonged  to  the  Mata- 
wan above  or  to  the  Raritan  below,  and  although  I  at  first 
regarded  them  as  Raritan  and  so  mapped  them,  I  finally 
decided  to  refer  them  to  the  Matawan  and  changed  my  lines 
accordingly  before  publication.  On  a  recent  visit  to  the  locality 
I  found  the  line  of  contact  clearly  shown,  ami  it  is  evident  that 
the  Cliff  wood  clays  represent  an  older  horizon  tlian  the  basal 
Matawan  elsewhere  exposed.  Messrs.  Kunimel  and  Knapp  in 
the  recent  Clay  Report  of  the  New  Jersey  Survey,  have  referred 
these  beds  to  the  Raritan,  but  from  tlieir  structural  relations, 
lithologic  character,  and  contained  fossils  it  is  apj)arent  that  it 
is  equally  impossible  to  refer  them  to  that  formation.  All  of 
these  features  indicate  that  tliese  deposits  constitute  a  transi- 
tional zone  between  the  Raritan  below  and  the  Matawan  above, 
and  that  they  should  be  given  independent  rank  as  a  formation. 
A  study  of  the  !)asal  contact  of  tlie  ^latawan  formation  from 
the  Potomac  to  the  Raritan  rivers  shows  that  the  Matawan  rests 
on  successively  later  dei)osits  northward,  thus  indicating  a  grad- 
ual transgression  of  the  Matawan  over  the  Potomac  formations 
southward.  Near  the  Potomac  river  the  Matawan  overlies  the 
Patapsco  formation,  but  farther  north  the  Raritan  soon  appears. 
In  approaching  the  Severn  river  and  on  the  Eastern  Shore  of 
Maryland,  depovsits  tliat  suggest  the  Cliffwood  beds  occur  be- 
tween the  typical  Raritan  and  Matawan.  In  Delaware  and  also 
in  southern  pfew  Jersey  similar  deposits  have  been  found  by 
the  author  and  his  associates,  marine  fossils  occurring  in  the  beds 
at  Borden  town.  Characteristic  concretions  of  iron  carbonate, 
frequently  fossiliferous,  have  been  found  all  the  way  from  the 
shores  of  the  Cliesapeake  to  Cliff  wood  on  the  Raritan,  although 
marine  fossils  have  not  been  observed  south  of  Borden  town. 
These  deposits  are  significant  in  furnishing  the  earliest  known 
Coastal  Plain  marine  faima,  a  fauna  which  apparently  con- 
tained the  first  strictly  marine  types  of  life  to  migrate  into  the 

♦HoUick,  A.,  The  Cretaceous  Clay  Marl  Exposnre  near  Clififwood,  N.  J., 
Trans.  N.  Y.  Acad.  Sci.,  vol.  xvi,  pp.  124-186,  pis.  xi-xiv,  1897. 

+Bull.  N.  Y.  Bot.  Garden,  vol.  iii,  No.  9,  pp.  45-1^^,  v^.  ^^-^I.V^'^N 
Amer.  Choi,  vol.  xxxiv,  pp,  358-260,  pi.  xv,  IWH. 
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basin  of  Potomac  Bedimentation.  It  is  possible  that  the  Island 
Series  of  Professor  Ward  farther  north  may  also  prove  to  be 
the  equivalent  of  these  beds,  although  the  exact  stratigraphic 
limits  of  the  former  are  not  quite  clear. 

Uhler*  in  1892  described  what  he  termed  the  "Alternate 
Clay  Sands"  overlying  his  Albirnpean  (in  part  Karitan)  forma- 
tion in  Maryland,  and  Dartonf  in  1893  proposed  the  name 
Magothy  formation  for  tl)ese  deposits,  stating  that  they  con- 
stituted a  well-defined  stratigraphic  unit  between  the  Potomac 
formation  below  and  the  marine  Cretaceous  deposits  (Matawan, 
etc.)  above.  He,  as  well  as  Shattuck,:|:  regarded  certain  of  the 
clays,  which  unauestionably  underlie  the  true  Matawan  forma- 
tion, as  part  of  the  Matawan,  and  tiie  similarity  of  the  materials 
would  often  suggest  this  reference.  Recent  work  by  the 
writer  and  his  associates  both  in  Maryland  and  in  New  Jersey, 
as  well  as  along  the  Delaware  and  Chesapeake  Canal§  in 
Delaware,  shows  that  a  series  of  deposits,  lying  between  the 
Matawan  above  and  typical  Raritan  below  and  consisting  of 
alternating  beds  of  dark  clays  and  light  sands,  the  latter  fre- 
quently brown  in  color,  or  of  one  or  the  other,  as  the  case  may 
be,  and  having  a  thickness  of  from  10  to  100  feet  or  more,  can 
be  traced  almost  continuously  from  the  western  shores  of  the 
Chesapeake  Bay  in  Maryland  to  the  Raritan  Bay  in  New  Jersey. 
Darton  was  evidently  the  first  to  name  this  formation  should  it 
be  ultimately  shown  to  represent  a  single  stratigraphic  unit. 
In  the  absence  of  satisfactory  exposures  in  Maryland  a  critical 
study  of  the  plant  remains  is  demanded  before  final  judgment 
can  be  passed.  It  is  highly  probable,  however,  that  the  Mary- 
land strata  represent  a  somewhat  lower  horizon  than  the  fossil- 
iferous  beds  at  Cliffwood,  and  may  be  the  equivalent,  in  part 
at  least,  of  the  "  laminated  sands  "  which  underlie  the  lignitic 
beds  at  Cliffv^ood.  The  base  of  Darton's  Magothy  may  thus 
prove  to  be  the  base  of  the  "laminated  sands"  and  may  neces- 
sitate the  transfer  everywhere  of  certain  upper  sands  hitherto 
regarded  as  Raritan  to  the  Magothy-Cl  iff  wood  series. 

The  Matawan  formation  in  New  Jersey,  as  previously  stated, 
has  been  divided  by  the  author  into  the  Crosswicks  clays  and 
Hazlet  sands,  the  former  corresponding  to  the  Merchantville 
clay  and  the  Woodbury  clay  and  the  latter  to  the  Columbus 

•Ubler,  p.  R.,  Trans.  Md.  Acad.  Sci.,  voi.  i,  pp.  200.  201,  18d2. 

!  Darton,  N.  H.,  this  Jonmal,  ser.  iii,  vol.  xlv,  pp.  407-419,  1898. 
Shattuck,  Q.  B.,  Md.  Geol.  Survey,  Cecil  County  Report,  pp.  158,  159, 
1902. 

g  The  section  in  the  Deep  Cut  of  the  Delaware  and  Chesapeake  Canal  Ib 
one  of  the  best  in  the  Coastal  Plain  and  shows  the  Matawan  resting  on  the 
clays  and  sands  of  the  Magothy  formation,  which  at  this  point  are  in  places 
highly  lignitic.     The  Matawan  formation  consists  at  the  base  of  chocolate- 
colored  marls  1 5  to  20  feet  in  thickness  overlain  by  black  micaceous  sandy 
clays  10  to  12  feet  in  thickness,  which  together  apparently  represent  the 
Crosswicks  clays.     Above  these  beds  is  a  more  sandy  member  distinctly 
glauconitic  that  may  perYiaps  Tepreaeiit  tVve  Hazlet  sands  farther  north.    At 
the  eastern  end  of  the  Deep  Cut  i\i©  xed  «a.\id«  oi  ^Nx^^Qitit^^-^qSJol^miqiux  with 
fosailB  characteristic  of  the  lower  "fcioumoxxVltL  Va.'^evj  ^«t«e<3. 
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\.  and  the  Marshalltown  rand  and  clay  of  the  New-Jeraey 
"  leical  Survey.* 
b  JSIatawan  formation  gntdoaltj  thins  from  aboat  920  feet 
B  Bhores  of  the  Karitan  Bav  to  less  thas  30  feet  along  the 
mac,  wliere  tlio  formation  tinally  disappears.     The  conntry 
ighont  much  of  thiB  distance  of  nearly  200  miles  is  more 
n  thickly  covt;red  with  deposits  of  Pleistocene  age  which 
a  it  impoe^ihk  to  trace  the  beds  continnoualy,  although  the 
Jperons  well-borin£;g  Imre  greatly  aided  in  the  interpretation 
ptbe  deposits.     For  cartographic   purposes,  on   the  scales 
'    '  id  by  the  IT,  S.   (ieological  Snrvey  and  the  Manland 
j^ical    Survey,   it    has  not   been    tilought   desirable    to 
._ipt  the  mapping  of  the  subsidiary  divisions  of  the  M!ata- 
L  although  tlii^  is  reported  to  have  been  succesafnliy  accom- 
^ed  for  the  State  Geological  Survey  of  New  Jersey  by  Mr. 
%  N.  Knapp,  ^vhii  has  recognized  four  members  in  the  Mato- 
"  B,  known  f  runi  l)elow  upward  as  the  Merchantville  clay  bed, 
Woodbury  tlay  bed,  the  Columbus   eand    bed,   and    the 
jhalltown    sami    and  clay  hed.f  which   lie   has  extended 
iotically   across   the   State    of   New  Jer^y,   although   the 
olBmbuB  sand  iitjd  100  feet  thick  in  Monmouth  County  is 
presented  a.s  reduced  to  20  feet  at  Swedesboro  and  "  farther 
pnthwest  it  seems  to  pinch  out."     These  beds,  because  of  the 
Iflerent  physical  conditions  attending   their   formation,  are 
Mrted  by  the  State  Geologist  of  New  Jersey  to  show  minor 
Ferences  in  their  faunas,  these    faunnles  being   recognized 
wherever  the   deiiosits   appear.     These   subdivisions   cannot, 
mever,  ba  sati4actorily  recognized  iu  Maryland,  where  the 
Jatawan   possesses   greater    homogeneity,   being   thronghoat 
bredominantly  a  micaceous  sandy  clay.J     Similar  faunH  dif- 
ijerences  commonly  appear  with  lithotogic  variations,  and  in 
Maryland  many  such  occurrences  have  been  recognized  and 
'eecribed  in  the  Paleozoic  and  Tertiary  formations,  althongh 
■om  their  size  it  has  not  seemed  wise  to  cartographically  rep- 
sent  thom. 

Many  attem[)ts  have  been   made  to  correlate  the  Atlantic 
^"ist  Cretaceou'-  deposits  with  other  American  and  with  Euro- 
formations.     In  an  earlier  paper  the  author  referred  to 
1  Senonian  and  Danian  affinities  of  the  higher  Cretaceous 
formations    in  New  Jersey,   while    the  paleobotanists  have 
I  regarded  the  lower  Cretaceous  formations  to  be  the  equivalent 

■See  deiwriptioti  of  thew  beda  In  vol.  vi.  Final  Bept.  of  the  State Oeolo- 
rt  of  New  Jersey,  pp.  lAS-lSl. 

f  Them  names  firet  appmced  in  print  in  the  Annnal  Beport  of  the  State 
Bologiat  for  1898  pnblished  in  18W,  althongh  the  field  work  wu  started 
^Jtae  years  wrlier. 
}  The  mure  sand;  obaraatei  of  the  nppar  Hatavan  ia  still  rMognised  in 
BCmII  Conntf  hnt  bt-rouufi  large] j  loot  In  Kent  Conntj  when  the  blaok  ipioa- 
rdeuiu  Bandy  tlay  increMsa,  and  la  found  In  Che  npper  as  well  ••  tha 
I'lpwer  beds.     Farther  Mnth  no  dlllerentlatloB In  the  fonnation  appean  fo*- 
Lriblo  and  the  depoeitH  beoome  mainly  blaok  nioaMKraa  «ui&j  (&ai;%VBLTm^:> 
t«..   ^^thotigh  the  ietr  fMt  of  the  lown  and  ottcn  ■ti^ia.'s  AaAim'Vn^A  -« 
UTsren  tiafef!  ni  moAm  ,nboT«  nun  poaAils  Tmnwnft  "b*  ^n* 
1 /arlher  north. 
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of  the  Neocomian  and  Gkult  of  Europe.  The  Cliffwood  clays 
are  considered  by  Professor  Hollick  and  Mr.  Berry  to  show 
Cenomanian,  characteristics  in  the  flora,  and  a  study  of  the 
fauna  will  doubtless  throw  much  important  new  light  upon  this 
division  of  the  Cretaceous. 

It  is  evident,  therefore,  that  the  Atlantic  Coast  Cretaceous 
formations  represent  a  considerable  part  of  the  European  series, 
although  the  data  at  Iiand  are  insufficient  as  yet  for  complete 
correlation  of  the  several  horizons. 

In  the  following  table  an  approximate  correlation  of  the 
Atlantic  Coast  Cretaceous  formations  is  suggested. 


AOE. 

Formations. 

Sharkriver 
10-15  ft. 

Members. 

Eocene 

u 

a. 

Danian 

Manasquan 
30-50  ft. 

Rancocas 
30-125  ft. 

Vincentown  Limesands 

Marl 

Sewell  Marls 

Senonian 

Monmouth 
30-200  It 

Redbank  Sands 

and 

Navesink  Marls 

Mt.  Laurel  Sands 
(Wenonah  Sand  of 
N.  J.  Geol.  Survey) 

Clay 
Marl 

Cretaceous 

Matawan 
20-220  ft. 

Hazlet  Sands 
Marshalltown  Sand  and 

Clay  bed 
Columbus  Sand  bed 

Series 

Crosswicks  Clays 
Woodbury  Clay  bed 
Merchantville  Clay  bed 

Cenomanian 

Magothy  and 

Chffwood 
beds  1 0-1 00  ft. 

• 

Transi- 
tional 
depofiiti 

Albian- 

Raritan 
200-400  ft. 

Patapsco 
150-240  ft. 

Arundel 
0-125  ft. 

o 

Neocoinian 

Potonw< 
Group 

Jurassic  ( 

v^ 

n 

Patuxent 
\     50-\00  U, 

• 

\ 
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Abt.   XLVI. — The  Precipitation  of  Barium  Bromide  hy 
Hydrdbromic  Acid  ;  by  Norman  C.  Thorne. 

[Contribntions  from  the  Kent  Cheoiical   Laboratory  of   Yale   University — 

CXXXI.] 

In  former  articles  from  this  laboratory,*  processes  for  tlie 
separation  and  determination  of  certain  chlorides,  hydrous  or 
annydrous,  by  the  action  of  hydrochloric  acid  have  been 
studied.  The  present  article  deals  with  tlie  similar  separation 
and  determination  of  ])arium  bromide  by  the  agency  of  hydro- 
bromic  acid. 

The  hydrobromic  acid  used  in  the  experiments  to  be 
described  was  prepared  by  dropping  from  a  stoppered  funnel 
liquid  bromine  into  naphthalene  dissolved  in  kerosene,  passing 
the  hydrogen  bromide  evolved  through  a  purifying  tower 
charged  in  layers  with  glass-wool  and  red  phosphorus  and  a 
water  trap,  and  saturating  distilled  water  with  the  gas  thus 
purified. 

Pure  barium  bromide  was  made  by  dissolving  barium  chlo- 
ride in  water,  precipitating  barium  carbonate  by  ammonium 
carbonate  and  ammonium  hydroxide,  washing  the  precipitate 
by  decantation  and  dissolving  it  in  hydrobromic  acid.  This 
solution  of  barium  bromide  was  evaporated  to  dryness  and  the 
barium  bromide  thus  obtained  wtis  used  in  tlie  following 
experiments. 

In  the  first  series  of  experiments  a  weighed  amount  of  the 
barium  bromide  was  dissolved  in  the  least  volume  of  water, 
and  treated  with  hydrobromic  acid  or  with  a  mixture  of  hydro- 
bromic acid  and  ether  in  ecpial  volumes.  The  liquid  was  sat- 
urated with  hydrobromic  acid  gas  and  filtered  upon  asbestos, 
and  the  precipitate  washed  by  a  mixture  of  hydrobromic  acid 
and  ether,  dried  in  air  bath  or  over  l>unsen  flame  and  weighed 
as  BaBr,.  The  details  of  these  experiments  are  given  in 
Table  I. 

Table  I. 


BaBrs  taken. 

HBr. 

HBr  and  ether. 

BaBra  fonnd. 

Error. 

grm. 

cm''. 

cm"'. 

grin. 

grm. 

0-2932 

30 

0-2934 

4- 0-0002 

0-1264 

30 

0-1200 

—  0-0004 

0-1134 

30 

0-1132 

—  0-0002 

0-1347 

30 

01367 

+  0-0020 

01040 

30 

0-1035 

—  0-0005 

0-0V44 

20 

0-0748 

+  0-0004 

0-1197 

30 

0-1211 

+  0-0014 

0-4327 

30 

0-4345 

+  00018 

♦  This  Journal  (8),  xliii.  521  (Mar) ;  (4),  ii,  416  (Gooch  and  Havens);  (4), 
iv,  III  (Havens);  (4),  vi,  45  (Havens);  (4),  vi,  396  (Havens). 
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Considerable  difficulty  was  had  in  drying  the  barium  bro- 
mide so  as  to  obtain  a  constant  weight,  and  the  barium  bromide 
prepared  in  the  manner  described  did  not  dissolve  completely. 
The  results  of  these  experiments  are  thereby  lacking  in  uni- 
formity. Presuming  that  the  source  of  inaccuracy  is  to  be  looked 
for  in  the  formation  of  an  oxybromide,  the  precipitate  in  the 
next  experiments,  after  filtering  upon  asbestos,  was  treated  with 
ammonium  bromide  and  then  dried  over  a  radiator, — at  first 
at  a  low  temperature  and  finally  at  a  temperature  high  enough 
to  drive  off  the  ammonium  bromide.  When  the  thermometer 
inside  of  the  radiator  showed  a  temperature  of  250^  C.  all  the 
ammonium  bromide  disappeared  and  left  a  barinm  bromide 
which  gave  constant  results,  as  shown  in  the  following  table. 

Table  II. 


BaBrs  taken. 

HBr  and  ether. 

BaBra  foand. 

EJryor. 

grm. 

cm'. 

grm. 

grm. 

0-1330 

30 

0-1534 

-f  00004 

0-1013 

30 

0-1016 

-f.  0-0003 

0-2769 

30 

0-2760 

—0-0009 

0-2359 

30 

0-2353 

—0-0006 

0-1580 

30 

01579 

—0-0001 

0-2955 

30 

0-2947 

—0-0008 

0-2822 

30 

0-2813 

—  00009 

0-1962 

30 

0-1962 

0-0000 

0-4127 

30 

0-4125 

—  00002 

0-2751 

30 

0-2750 

—  0-0001 

0-3181 

30 

0-3183 

-f.  0-0002 

0-3049 

30 

0-3039 

—0-0010 

0-3754 

30 

0-3752 

—00002 

These  results  indicate  plainly  that  barium  bromide,  prepared 
in  a  state  of  purity  and  free  from  oxybromide,  may  be  com- 
pletely precipitated  from  solution  in  water  by  treatment  with 
a  mixture  of  hydrobromic  acid  and  ether  in  equal  parts  and 
saturation  of  the  liquid  with  hydrogen  bromide. 

Some  experiments  in  which  precipitation  was  effected  by  a 
mixture  of  concentrated  hydrobromic  acid  and  ether  in  equal 

farts,  without  saturating  with  the  gas,  led  to  similar  results, 
n  these  experiments  the  material  weighed  out  was  the  crys- 
tallized hydrous  barium  bromide,  BaBr,  .  2H,0. 

Table  III. 


BaBra.2H, 

HBr  + 

BaBr, 

BaBr, 

taken. 

ether  1:1. 

found. 

calculated. 

Error. 

grm. 

cm*. 

grm. 

grm. 

grm. 

0-2008 

30  CO. 

01793 

0-1790 

-h  0  0003 

0-2041 

30 

0-1822 

0-1820 

+  0  0002 

0-2047 

30 

0-1821 

0-1825 

—  00004 

0-2171 

30 

0-1937 

0-1936 

+  0-0001 

0-3101 

30 

0-2768 

0-2765 

+  0-0003 

0-5035 

30 

0-4496 

0-4490 

+  0-0006 

0-5015 

30 

0-4476 

0-4473 

+  0-0003 
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The  action  of  hydrobromic  acid  upon  barium  chloride  was 
next  studied,  with  or  without  the  presence  of  salts  of  calcium 
and  magnesium. 

A  weighed  amount  of  barium  chloride,  BaCl,  .  2H,0,  was 
dissolved  in  the  least  volume  of  water  and  treated  with  a  mix- 
ture of  hydrobromic  acid  and  ether  in  equal  volume.  The 
whole  solution  was  saturated  with  hydrobromic  acid  gas,  fil- 
tered upon  asbestos,  and  then,  to  make  sure  that  no  barium 
oxybromides  might  be  formed,  treated  with  ammonium  bro- 
mide, dried  and  weighed  as  BaBr,. 


Table  IV. 

BaCa,. 

HBr  + 

Theory 

Error 

2H,0 

ether 

BaBra 

as 

in 

taken. 

CaCOs. 

MgCO,. 

1:1. 

found. 

BaBra. 

BaBri. 

grin. 

grm. 

grra. 

cm'*. 

cm^. 

grm. 

grm. 

0-2253 

m    ^     »    m 

•     •     w     « 

30 

0-2744 

0-2741 

+  0-0003 

0-2088 

«     «     «    « 

»      w      —      •> 

30 

0-2538 

0-2540 

—0-0002 

0-3273 

«•     M    w    M 

«  •  —  — 

30 

0-3975 

0-3982 

—  0-0007 

0-3177 

*     —     *    « 

w     *     w     « 

30 

0-3804 

0-3865 

—  0-0001 

0-5041 

0-5000 

«     W     «     OT 

30 

0-6134 

0-6143 

—  0-0009 

0-5083 

0-5000 

•    »   »   • 

30 

0-0185 

0-6191 

—00006 

0-5046 

0-5000 

w     *     ••    w 

30 

0-0130 

0-0136 

-f  0-0003 

0-5022 

0-5000 

«   w  •    « 

30 

0-6110 

0-6104 

+  0-0006 

0-5018 

0-5000 

*    w     w    w 

30 

0-6106 

0-0108 

-0-0002 

0-6007 

«  w  s  * 

0-3000 

30 

0-6087 

0-6092 

—  0-0005 

0-5048 

•  w  .   « 

0-3000 

30 

0-6144 

0-6142 

+  0-0002 

From  these  results  it  is  obvious  that  barium  may  be  separated 
and  determined  as  the  bromide  in  presence  of  salts  of  calcium 
and  magnesium ;  and  it  appears  also  that  when  the  proportion 
of  hydrobromic  acid  to  the  barium  chloride  is  that  of  the 
experiment  and  the  precipitate  ignited  with  ammonium  bro- 
mide, the  results  are  in  practical  accord  with  those  which  should 
be  obtained  if  the  precipitate  consists  entirely  of  barium 
bromide. 

On  the  other  hand,  it  appears  from  the  following  series  of 
experiments  that  when  a  sufficiency  of  hydrochloric  acid  is 
added  to  the  water  solution  of  barium  bromide  the  pre- 
cipitate falls  practically  as  the  chloride. 


Table  V. 

BaBra .  2HaO 

HCl 

BaCla 

BaCl, 

Error  in 

taken. 

nsed. 

Ether. 

found. 

theory. 

BaCla. 

grm. 

cm^ 

cm^. 

grm. 

grm. 

grm. 

0-2044 

25 

5 

0-1279 

0-1277 

+  00002 

0-2011 

25 

5 

0-1258 

0-1257 

+  0-0001 

0-5021 

25 

5 

0-3138 

0-3138 

0-0000 

0-5037 

50 

10 

0-3148 

0-3147 

+  0-0001 

0-6020 

25 

5 

0-3135 

9-3137 

—0-0002 

0*3868 

25 

5 

0-2418 

0-2417 

+  0-0001 
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So  it  appears  that  precipitation  is  complete  in  presence  of  a 
sufficiency  of  either  acid  and  that  the  precipitate  will  fall 
chiefly  as  the  bromide  or  as  the  chloride  according  to  the  pro- 
portions of  hydrobromic  acid  and  hydrochloric  acid  present. 

It  was  thought  a  matter  of  interest  in  this  connection  to  test 
the  constitution  of  the  precipitates  when  incomplete  precipita- 
tion is  brought  about  by  audition  of  one  of  tnese  acids,  the 
other  being  present  in  considerable  proportion,  though  in 
amount  wholly  insufficient  to  produce  by  itself  precipitation 
in  the  volume  of  water  used  for  solution  of  the  barium  salts. 

Following  is  the  record  of  experiments  in  which  1  grm.  of 
barium  chloride,  BaCl, .  2H,0,  was  dissolved  in  water,  hydro- 
chloric acid  added  to  incipient  precipitation,  and  then  an  amount 
of  hydrobromic  acid  wnich  by  itself  would  produce  no  pre- 
cipitation in  the  water  solution.  Tlie  precipitate  was  dried 
and  weighed,  and  the  content  in  bromine  determined  by  the 
method  of  Baubigny  and  Rivals.* 


BaCl, . 

Water 

Bromine 

BaBrt 

2HaO 

for 

HBr 

HCl 

in 

in 

taken. 

Bolution. 

added. 

added. 

Precipitate. 

precipitate. 

precipitate. 

grm. 

cm'. 

cm*. 

cm*. 

grm. 

grm. 

grm. 

J. 

30 

3 

22 

0-5037t 

00129 

0-0240 

1. 

42 

5 

31 

0-6241;: 

00141 

0-0263 

1. 

40 

5 

30 

0*633d: 

0-0202 

0  0375 

The  meaning  of  these  results  seems  to  be  that  the  precipita- 
tion of  the  bromide  is  induced  by  the  action  of  the  hydrogen 
chloride  upon  the  solvent,  water.  The  production  of  free 
bromine  ions  and  barium  ions  to  the  amount  of  the  solubility 
product  of  barium  bromide  in  water  is,  under  the  conditions, 
an  impossibility.  If  this  be  admitted,  it  seems  highly  probable 
that  precipitation  of  barium  chloride  is  likewise  conditioned 
by  the  action  of  the  hydrogen  chloride  upon  the  solvent. 

It  has  been  customary  on  the  part  of  some  to  explain  tlie  sim- 
ilar precipitation  of  other  chlorides  soluble  in  water,  like  sodium 
chloride,  by  large  amounts  of  hydrochloric  acid  upon  the  assump- 
tion that  insolubility  is  due  to  increased  concentration  of  the 
chlorine  ions,  and  such  processes  have  been  held  to  be  typical 
of  processes  in  which  precipitation  is  affected  by  concentration 
of  the  free  ions.  It  seems  more  probable,  however,  that  it 
is  the  action  of  the  hydrogen  chloride  upon  the  solvent  which 
is  the  effective  thing  in  such  precipitations,  as  in  the  precipita- 
tion of  barium  bromide,  after  addition  of  hydrochloric  acia,  by 
an  amount  of  hydrobromic  acid  wholly  insufficient  to  cause 
precipitation  in  the  water  solution. 

I  wish  to  express  my  thanks  to  Prof.  Gooch  for  suggestions 
and  advice  given  during  the  progress  of  this  work. 

*  Compt.  rend.,  exxv,  527,  607. 

f  Dried  three  months  in  desiccator  over  sulphuric  acid. 

I  Dried  G  hours  at  80'  and  12  hours  in  desiccator  over  sulphoric  acid. 
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Akt.  XLVII. — The  Proembryo  of  the  Bennettitece ;  by  G.  R. 

Wieland.     (With  Plate  XX.) 

DuBiNG  the  course  of  the  preparation  and  study  of  large 
nnmbers  of  sections  made  from  many  different  fossil  cycad 
trunks  representing  various  stages  of  growth  and  fructifica- 
tion, no  more  important  feature  has  been  discovered  than  the 
proemhryo8^  of  which  various  examples  have  been  observed  in 
several  different  fruits  of  Cycadeoidea  from  the  Black  Hills. 
As  no  developmental  stage,  if  the  archegonia  of  Cycadino- 
carpus  a^igustodunensls  be  excepted,  has  liitherto  been 
observed  in  any  extinct  plant,  this  discovery  is  of  extreme  and 
novel  interest.  It  has,  therefore,  been  deemed  appropriate  to 
present  a  preliminary  description,  to  be  amplified  and  further 
illustrated  in  the  writers  memoir  on  the  Structure  of  the 
Fossil  Cycads,  now  nearly  ready  for  publication  by  the  Car- 
negie Institution  of  Washington,  under  whose  auspices  these 
investigations  have  been  pursued. 

Amongst  the  fossil  cycads  in  the  Yale  collection  closely 
resembling  the  so-called  Hennettites  Gibson ianus  from  the 
Isle  of  Wight,  but  still  referred  by  the  writer  to  the  genus 
Cycadeoidea^  the  trunk  numbered  893  is  very  completely  silici- 
tied,  and  bears  a  number  of  fine  ovulate  cones.  In  the  various 
longitudinal  and  transverse  sections  cut  from  these  cones, 
nearly  all  the  tissues  are  clearly  indicated,  and  the  seed  bodies 
have  reached  approximately  the  size  of  those  of  the  type  of 
C.  (Bennettites)  Gtbaoninnus^  found  l)y  Solms-Laubach  to 
contain  dicotyledonous  embryos,  nearly  or  quite  filling  the 
seed  cavity,  and  hence  exalbuminous,  or  nearly  so.  These 
are  the  only  fossil  embryos  ever  found.  In  the  sections  from 
trunk  393,  as  is  usually  the  case  in  silicified  plants,  the  seed 
cavity  is  often  filled  with  more  or  less  clear  quartz,  or  by 
structures  and  traces  of  structure  which  cannot  readily  be 
interpreted.  But  there  are  in  the  present  instance  notable 
exceptions;  a  considerable  number  of  the  seeds,  as  one  must 
conveniently  call  any  stage  of  seed  development  which  is  not 
or  cannot  be  specified,  contain  well  i)reserved  large  angular  to 
rounded  proembryonal  cells.  These  appear  to  fill  the  entire 
nucellar  space  in  some  of  the  transverse  sections.  Such  an 
instance,  where  two  adjacent  seeds  are  finely  conserved,  is 
shown  on  Plate  XX,  enlarged  thirty  diameters.  In  other 
cases  the  large  granular  to  rounded  cells  of  the  proembryo 
appear  to  have  been  but  partially  preserved,  or  else  to  have 
ooUapsed,  carrying  the  nucellar  wall  inwards  as  if  there  had 
been  a  central  cavity  in   the  large-celled   mass,  as    usually 
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clearly  to  be  seen  abutting  on  the  wall  of  the  nucellus.  There 
are  also  especially  to  be  noted  in  the  transverse  sections  several 
irregular  ribbon-like  traces  about  the  thickness  of  the  cell 
walls,  extending  quite  across  the  large-celled  mass,  filling  or 
nearly  tilling  the  nucellus.  These  traces  or  rather  surfaces 
occur  too  often  to  be  considered  wholly  accidental,  but  are  not 
supposed  to  be  either  suspensors,  or  tubular  ospores,  or  cells 
such  as  precede  embryo  formation  in  Ephedra,  Their  fuller 
explanation  doubtless  awaits  the  preparation  of  more  numerous 
sections  and  the  comparisons  they  may  permit.  In  some  of 
the  sections  presumably  cutting  the  upper  half  of  the  pro- 
embryo,  as  already  hinted,  there  is  a  suggestion  if  not  a  clear 
indication  that  the  mass  of  proembryo  tissue  was  either  less 
dense  in  its  central  regions,  or,  that  there  was  actually  present 
a  small  central  cavity.  This  important  point,  which  would 
indicate  a  fundamental  agreement  with  the  existing  cycads, 
cannot  "be  so  readily  settled  as  yet,  since  in  no  instance  has  a 
longitudinal  section  been  cut  from  a  proembryo  as  well  pre- 
served as  the  two  shown  in  the  plate.  In  one  longitudmal 
section  showing  the  lower  two-thirds  of  a  seed  it  is  clear  that 
the  lower  half  of  the  nucellus  was  closely  filled  by  the  typical 
large  undifferentiated  cells  making  up  the  mass  of  the  pro- 
embryo. In  another  longitudinal  section,  the  superior  end  of 
the  nucellus  is  seen  to  extend  well  into  the  tip  of  the  seed, 
which  is  quite  filled  with  the  characteristic  large-celled  pro- 
embryo tissue.  Unfortunately  the  middle  region  is  in  this 
instance  not  conserved. 

There  is  nowhere  a  distinct  indication  of  the  presence  of 
endosperm,  or  of  any  differentiation  of  the  large-celled  tissue 
filling  the  nucellar  cavity,  into  an  inner  and  outer  zone.  The 
proembryo  tissue  appears  to  be  homogeneous  throughout,  except 
in  one  instance  where  some  more  elongate  cells  appear  to  rest 
against  the  nucellar  wall.  It  is,  however,  to  be  constantly 
borne  in  mind  that  it  is  necessary  to  amplify  the  series  of 
sections.  Structure  will  be  found  in  many  instances  illustrat- 
ing not  only  all  the  features  of  the  proembryo,  but  in  all  prob- 
ability the  other  stages  of  development,  including  possibly  the 
early  stages  of  embryo  formation ;  although  it  may  be  years 
before  all  the  facts  are  learned,  since  it  is  so  often  the  lortu- 
nate  exceptional  section  which  tells  the  story  and  yields  the 
reward  for  the  cutting  of  sections  where  preservation  proves 
less  clear. 

Meanwliile  it  is  possible  in  the  light  of  these  newly  discov- 
ered proembros  to  make  several  highly  interesting  comparisons 
with  existing  gymnosperms.  The  proeinhryo  was  a  term  first 
used  by  Treub^  in  describing  the  embrogeny  of  Oycas,     In 

*  Ann.  Jard.  Bot.,  Buitenzorg,  ii,  1881,  and  iv,  1884. 
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this  genus  the  oospore  enlarges  at  the  expense  of  the  adjacent 
tissue.  Later  free  nuclei  become  very  abundant  in  the  central 
region,  and  then  disorganize,  all  the  cytoplasm  massing  at  the 
base  of  the  spore,  and  parietally,  with  a  smgle  parietal  layer  of 
equidistantly  imbedded  nuclei,  except  at  the  base,  where  there 
is  some  massing  of  nuclei.  Still  later  the  sac-like  cavity  of 
this  stage  is  par  tit/  filled  up  hy  tissue  lyreceding  sfu^pensor 
development.  The  proembryo  of  Cycas  is,  in  a  word,  sac-like, 
and  the  endosperm  large,  the  size  of  the  latter  in  a  way  corre- 
sponding to  the  excess  in  size  of  the  w^iole  seed  over  that  of 
the  Bennettiteae. 

In  Gingko^  after  repeated  nuclear  division  of  the  oospore, 
there  is  no  parietal  grouping,  but  instead  the  oospore  enlarges 
and  comes  to  be  compactly  filled  with  undifferentiated  cellular 
tissue,  in  which  proembryo,  suspensors,  and  embryo  are  all 
merged.  This  must  clearly  now  be  regarded  as  absolutely  the 
most  primitive  condition  known  amongst  the  existing  gymno- 
sperms. 

In  the  organization  of  the  Gingko  embryo,  the  mass  of  tissue 

{'ust  noted  as  filling  tlie  entire  oospore  takes  part,  tlie  endosperm 
►eing  directly  invaded  without  the  formation  of  suspensors. 
Two  cotyledons  remarkably  like  those  of  the  l^ennettitese  in 
both  size  and  general  appearance  are  produced;  but  their 
earliest  stages  have  unfortunately  not  been  figured  so  far  as 
known  to  the  writer. 

Comparison  with  tlie  other  gymnosperms  shows  that  the 
proembryo  of  the  Bennettiteae  is  unii^ue  in  oocupying  the 
entire  nucellus,  although  this  character  loses  not  a  little  of 
its  isolation  from  the  fact  that  the  nucellte  of  the  existing 
Cycads  are  almost  of  the  same  size,  increase  in  the  size  of 
the  seed  having  been  plainly  bound  up  with  endosperm 
development.  Again  it  is  supposable  that  a  progressive  reduc- 
tion of  endosperm  had  taken  place  in  the  Bennettitse  and  was 
perhaps  a  cause  of  the  disaj)pearance  of  the  group. 

The  most  distinct  agreement  of  the  J^ennettitean  proembryo 
is  clearly  with  GingliO^  long  known  to  have  much  in  common 
with  some  ancient  (Jyeadean  ancestry  or  relationship.  In 
both  these  proem bryos,  as  has  been  seen,  large-celled  homo- 
geneous tissue  fills  the  oospore,  and  the  formation  of  dicoty- 
ledonous embryos  takes  place  without  the  intervention  of  sus- 
pensors. The  present  discovery  unmistakably  determines  for 
the  first  time  that  the  embryogeny  of  Gingko  is  the  most 
primitive  amongst  existing  gymnospenns. 

Between  the  existing  Cycads  and  the  Bennettiteee  the  com- 
parison is  a  more  general  one,  there  doubtless  having  been 
agreement  in  the  early  history  of  both,  and  the  more  general 
facts  favoring  the  inclusion  of  the  Bennettiteae  within  a  single 
great  group,  the  Cycadales. 
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Abt.  XLVIII. — Minerals  from  the  Clifton-Morenci  J)istriet, 
Arizona;*  by  W.  Lindgken  and  W.  F.  Hillebrand. 

In  1902  an  examination  was  made  of  the  Clifton-Morenci 
copper  district  in  Arizona.  Study  of  the  collections  proved  the 
presence  of  several  interesting  minerals,  a  brief  account  of  which 
is  here  given.  The  copper  deposits  at  Clifton  and  Morenci 
consist  in  part  of  irregular  or  tabular  bodies  of  oxidized  ores 
in  Paleozoic  limestones,  partly  of  chalcocite  ores  connected  with 
fissure  veins  in  a  granite  porphyry  or  in   the  same  limestones. 

Coronadite. — On  the  dump  of  a  small  shaft  on  the  west  end 
of  the  Coronado  vein,  three-fourths  of  a  mile  west  of  Horse- 
shoe shaft,  fairly  large  amounts  of  a  dark  metallic  mineral  were 
found  intimately  intergrown  with  quartz  and  decomposing  into 
limonite.  The  vein  at  this  end  shows  no  copper  minerals  but  is 
stated  to  contain  some  gold  and  its  surface  ores  are  reported  to 
have  been  worked  in  an  arrastre  in  the  early  days  of  the  camp. 
In  color  this  mineral  is  black  and  its  structure  delicatelv  fibrous. 
The  hardness  is  about  4  and  the  streak  black  with  brownish 
tinge. 

A  thin  section  proves  it  to  be  opaque  and  in  reflected  light 
its  fibrous  and  homogeneous  structure  is  well  brought  out.  It 
cements  angular  quartz  grains  and  its  secondary  nature  is  clearly 
indicated.     In  general  aspect  it  is  not  unlike  psilomelane.     A 

1)reliminary  examination  showed  that  it  contained  the  oxides  of 
ead  and  manganese:  as  it  did  not  seem  to  correspond  to  any 
known  mineral  species,  a  separation  and  analysis  was  made. 
The  results  were  as  follows : 

Long  continued  efforts  to  secure  pure  material  for  analysis 
by  the  use  of  heavy  solutions  were  not  attended  with  success. 
The  ultimate  product  of  specific  gravity,  5*246  at  22®,  yielded 
on  decomposition  by  hydrochloric  acid  a  residue  of  from  6  to  7 
per  cent,  which  consisted  mainly  of  silica,  with  a  small  amount 
of  alumina,  etc.  Its  presence  would  not  have  mattered  much 
had  it  been  quite  indifferent  to  acids,  but  its  partial  solubility, 
as  shown  by  the  varying  amounts  undissolved  on  different 
trials  and  similar  varying  amounts  of  alumina  and  perhaps 
other  minor  ingredients  found  in  solution,  renders  the  calcula- 
tion of  molecular  ratios  not  altogether  certain  in  all  cases.  The 
composition  as  found  is : 

♦  Published  by  permiBsion  of  the  Director  of  the  U.  S.  Gteol.  Survey. 
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MnO, 5613* 

MnO 6-56 

PbO 26-48 

ZnO 0  10 

CuO 0-05 

MoO, 0-34 

A1,0, 0-63t 

Fe,0,t 1-01 

H,0 l-03§ 

Insol.  and  silica 7*22 

CaO,  MgO,  Alk.,  and  loss     0-45 


100-00 

The  material  available  did  not  admit  of  determining  quanti- 
tatively the  vanadium,  which  may  be  i>resent  in  rather  more 
than  a  mere  trace,  but  neither  it  nor  the  phospliorus  can  influence 
materially  the  ratios  given  below.  Tlie  vanadium  would  be 
effective  in  two  ways:  (1)  by  requiring  a  l)ase  for  its  neutrali- 
zation, if  existing  as  an  acid  constituent,  and  (2)  by  liberating 
chlorine  when  acted  on  by  hydrochloric  acid,  and  thus  affecting 
the  values  found  for  peroxide  oxygen.  It  the  iron  exists  in 
the  ferrous  state,  it  too  would  affect  the  values  found  for  the 
peroxide  oxygen  and  consequently  for  botli  the  oxides  of  man- 
ganese. Assuming  it  to  so  exist  and  applying  the  proper  cor- 
rections, also  deducting  froui  the  lead  oxide  an  equivalent  for 
the  molybdenum,  assuming  its  existence  as  molybdate  of  lead, 
the  following  are  the  results: 

MnO, 56.68  -^     87  = 

MnO 6-11  -T-     71  = 

PbO 2696-^222-9  = 

FeO 0-91  -j-     72- 

ZnO 0-10  ^81  = 

CuO 0-05  ^79  = 

H,0 1-03  -j-     18  = 

If  the  mineral  is  to  be  regarded  as  anhydrous,  the  compara- 
tively simple  formula  R''  (Mn,0,)''  satisfies  the  above  ratio,  and 
it  may  be  written  structurally : 

O  =  Mn""  -  O 


\ 


•6515 

=  3^00 

•0861  1 

-1165 

•0126 

y    0^217  =  1^00 

•0012 

•0006  J 

•0572 

=  0-264 

o 

O  =  Mn'"' 


O 

O  =  Mn""  -  O 

*  Mean  of  56^10  and  5613.    Total  Mn  as  MnO  from  MnSOi,  5238  per  cent. 
Peroxide  oxygen  10'31  per  cent, 
f  With  a  little  TiO,,  P,0.  and  V,0».        \  State  of  oxidation  not  known. 
g  Nothing  at  100%  only  014  per  cent  below  200^ 
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in  which  H"  =  Pb'"  or  Mn'^.  This  is  to  be  regarded  as  a  saturated 
salt  of  one  of  the  numerous  possible  derivatives  of  ortho-man- 
ganous  acid  that  may  be  derived  from  it  by  removal  of  water, 
in  the  present  case  as  follows : 

3H,MnO,  -  5H,0  =  H.Mn.O, 

An  acid  of  the  same  empirical  formula  would  result  by 
removal  of  two  molecules  of  water  from  three  of  metamanga- 
nous  acid,  H,MnO,. 

It  is  probably  best  to  rest  for  the  present  content  with  the 
above  relatively  simple  formula  and  to  regard  the  water  found 
as  due  to  incipient  alteration.  But  if  the  water  is  to  be  con- 
sidered as  wholly  or  in  part  essential,  and  furthermore  constitu- 
tional— and  this  may  very  well  be  the  proper  view  to  take — 
then  the  formula  becomes  much  more  complex,  namely  R4''H, 
(Mn„0„),  when  none  of  the  water  is  allotted  to  the  foreign 
matter.  This  formula  is  still  referable  graphically  to  a  more 
highly  condensed  manganous  acid,  and  a  number  of  isomers 
would  be  possible. 

Such  intricate  formulas  as  this  should  not  cause  the  least 
surprise,  however  unlikely  thev  may  at  first  appear  to  be.  The 
great  number  of  manganites,  m  varying  degrees  of  saturation 
and  hydration,  observed  in  nature  ana  prepared  artificially,  some 
of  them  of  even  greater  complexity  that  the  above,  are  cer- 
tainly not  all  mixtures  of  only  a  few  simply  constituted  mole- 
cules. A  very  short  study  of  the  graphic  formula  correspond- 
ing to  the  above  empirical  formula  R^4H,  (Mn„0„J  will  show 
what  a  vast  number  of  closely  related  bodies  are  tneoretically 
possible  by  hydrating  the  molecule  step  by  step,  or  by  adding  to 
or  reducing  the  number  of  divalent  atoms,  or  substituting  for 
them  those  of  another  valence.  Similar  varieties  in  great  number 
would  be  derivable  from  other  condensed  manganous  acids  of 
both  higher  and  lower  orders,  and  it  is  plain  that  because  of 
the  very  slight  differences  in  percentage  composition  between 
many  of  them,  it  is  almost  as  hopeless  to  expect  analysis  to 
reveal  the  exact  empirical  formula  in  the  majority  of  cases  as  it 
is  for  the  enormously  complex  albuminous  bodies  of  organic 
chemistry.  This  is  especially  true  because  in  so  many  cases  the 
mineral  manganites  described  are  far  from  being  homogeneous 
species.  They  are  either  mixtures  of  two  or  more  of  these 
closely  related  complex  molecules,  or  else  are  contaminated  by 
foreign  bodies.  It  is  not  surprising  then  that  so  many  com- 
pounds of  uncertain  formula  tiiat  may  be  regarded  as  salts  of 
manganous  acid  have  been  prepared  in  the  laboratory  or  are 
found  in  nature.  From  the  known  tendency  of  these  bodies 
to  form  under  laboratory  conditions  which  may  very  well  be 
repeated  in  their  general  character  in  nature,  it  is  to  be  expected 
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that  a  vast  number  of  mineral  manganites  should  exist,  and  it 
ought  rather  to  excite  surprise  tliau  otlierwise  if  two  or  more 
are  not  formed  simultaneously  from  the  same  solution.  This, 
together  with  inherent  difficulties  of  analysis,  would  offer  a 
simple  explanation  of  the  fact  that  so  few  of  the  analyses  made 
lead  to  rational  formulas.  If  formed  from  solution  their  original 
state  might  well  be  one  of  hydration  either  as  regards  water  of 
crystallization  or  of  constitution.  The  temperature  at  which 
the  water  is  expelled  in  the  present  case  indicates  constitutional 
water. 

Our  search  of  the  literature  has  nut  revealed  a  native  man- 
ganite  carrying  a  high  percentage  of  lead,  although  artificial 
compounds  liave  been  i)repared.  For  this  reason,  and  because 
of  its  distinctly  crystalline  character,  the  present  mineral  seems 
worthy  of  receiving  a  specific  name.  The  one  we  propose  is 
Co7^07iadit€^  after  the  famous  explorer  of  that  portion  of  the 
American  continent  from  wincli  the  Territories  of  New 
Mexico  and  Arizona  have  been  formed. 

Chalcocit^  (Cu,S). — The  cuprous  sulphide  is  very  common 
in  the  Clifton  district,  in  fact  constituting  at  present  the  prin- 
cipal valuable  mineral  in  the  ores.  It  occurs  chiefly  inter- 
grown  with  pyrite,  in  tiie  altered  porphyry  as  disseminated 
grains  or  as  solid  seams  or  veins  which  rarely  exceed  two  or 
three  feet  in  thickness.  It  is  never  crystallized  but  has  ordi- 
narily an  earthy  or  sooty  appearance  and  black  color;  scratch- 
ing it  with  a  knife  reveals  the  senii-sectile  character  and 
metallic  luster.  In  a  few  small  massive  veinlets  the  normal 
metallic  luster  and  dark  gray  color  appear  on  fractures ;  a 
fibrous  or  columnar  structure  of  the  mineral  is  known  on  small 
seams  in  shale  from  the  Montezuma  mine.  The  mineral  pre- 
fers porphyry,  and  the  great  bodies  of  ore  now  worked  all 
occur  in  this  rock;  but  it  is  not  entirely  unknown  from  the 
irregular  deposits  in  limestone  generally  carrying  cuprite  and 
copper  carbonates.  A  partial  analysis  of  massive  chalcocite 
from  the  Montezuma  mine,  Morenci,  gave  0()  per  cent  Cu,S  and 
2'4:  per  cent  FeS,,  the  latter  probably  mechanically  admixed. 

The  chalcocite  is  everywhere,  in  this  district,  a  secondary 
mineral  formed  by  the  replacement  of  pyrite  by  means  of 
descending  solutions  of  cu])ric  sulphate.  The  deposition  of 
the  mineral  was  accompanied  by  the  formation  of  cpiartz,  chal- 
cedony, and  kaolin.  In  the  porphyry  the  chalcocite  ore  along 
the  veins  begins  100  to  iiOO  feet  below  the  surface  and  con- 
tinues to  a  depth  of  400  feet,  or  even  more,  when  it  is  usually 
replaced  by  pyrite,  chalcopyrite,  and  zincblende. 

Silicates. 

WiUemite  (Zn,SiOJ. — This  rare  silicate  of  zinc  was  found 
by  Mr.  Boutwell  as  very  small  greyish  crystals  on  a  fragment 
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of  garnet  rock  in  the  Modoc  open  cut,  on  the  north  side  of 
Modoc  Mountain.  These  crystals  were  identified  by  Messrs. 
Pirsson  and  Penfield  of  Yale  University,  who  state  that  the 
stout  hexagonal  prisms  look  exactly  like  those  from  the  original 
locality  at  Moresnet. 

Cal<tmine  (ZnOH,SiO,). — Small  transparent  orthorhombie 
crystals  of  calamine  were  identified  on  a  specimen  of  decompcmed 
garnet  rock  from  the  Shannon  mine,  just  above  the  lime 
quarry. 

Dioptase  (H,CuSiOJ. — The  silicate  of  copper,  dioptase,  has 
been  found  at  only  a  few  localities.  Very  beantiiul  speci- 
mens, which,  however,  are  by  no  means  common,  have  long 
been  known  from  the  classic  locality,  the  Kirghese  Steppes, 
Kussia,  and  more  recently  from  the  French  Congo  State, 
Africa.  Dioptase  is  seldom  found  in  the  United  States,  the 
only  recorded  occurrences  being  at  the  Bon  Ton  mines.  Chase 
Creek,  near  Clifton,  Arizona,  noted  by  R.  C.  Hills,*  and  from 
near  Kiverside  P.  O.,  Pinal  County,  Arizona,  noted  by  W.  B. 
Smith.f  Well  crystallized  specimens  of  this  mineral  were 
found  on  an  old  dump  of  the  Stevens  group  of  mines,  on  the 
west  side  of  Chase  Creek,  near  Garfield  Gulch.  They  occurred 
in  a  small  chimney  of  chrysocolla  ore  in  limestone,  now  worked 
out,  and  the  locality  is  believed  to  be  the  same  as  that  described 
by  Mr.  Hills.  The  dioptase  crystals  were  submitted  to  Prof. 
S.  L.  Penfield,  who  remarks  on  them  as  follows : 

"  The  crystals,  measuring  from  l"*"  to  2""  in  diameter,  occur 
closely  grouped  together,  lining  cavities  in  a  brown  ferrugi- 
nous  gangue  impregnated   with    amorphous 
green  material  wliich  is  probably  chrysocolla.  ^ 

The  color  of  the  dioptase  is  a  beautiful  emerald- 
green.  The  habit  of  the  crystals,  shown  by 
the  accompanying  figure,  is  that  which  is 
most  commonly  observed  and  is  especially 
characteristic  for  dioptase;  prism  of  the  sec- 
ond order  a  (1120),  terminated  chiefly  by  the 
rhombohedron  of  the  first  order  s  (0231)  and 
with  small  faces  of  the  rhombohedron  of  the 
third  order  a?(13il).  As  is  common  on  this 
species,  the  prismatic  faces  are  vicinal  and 
the  8  and  x  faces  are  striated  parallel  to  their 
mutual  intersection  edges,  hence  the  crystals  are  not  suited  for 
giving  accurate  measurements  of  the  angles  with  the  reflec- 
tion goniometer.  One  crystal  was  measured,  and  the  angles 
of  one  of  the  rliombohedral  zones,  given  below,  are  sufficiently 
close  to  the  calculated  values  to  establish  the  identity  of  the 
forms. 

•This  Journal  (3),  vol.  xxiii,  p.  325,  1882r. 
fProc.  Colorado  Sci.  Soc,  vol.  ii,  p.  159,  1887. 
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Measared.        Calculated. 

ax,        ll50     1341    =   28°  65'  28^48' 

ss\        0221     2021    =   83    48  84    33 

8' a\      2021     Il20  =   48    18  47    43 

By  crushing  some  of  the  material,  imbedded  in  oil  imder  a 
cover  glass,  and  examination  in  convergent  polarized  light, 
occasional  fragments  were  found  which  gave  a  normal  uniaxial 
interference  ngure,  with  numerous  rings  indicating  high  bire- 
fringence. The  character  of  the  birefringence  was  found  to 
be  positive.  Thus  in  all  of  its  crystallographic  and  optical 
relations  the  material  studied  is  like  typical  dioptase  from 
other  localities." 

Chrysoeolla  (CuSiO,+;^H,0).  —  This  mineral  occurs  very 
commonly  in  the  oxidized  part  of  the  deposits,  but  does  not, 
except  in  some  cases,  constitute  an  important  ore.  On  the 
whole,  it  is  more  abundant  in  the  deposits  in  porphyry  and 
granite  than  in  those  contained  in  limestone.  The  usual 
bluish  green  or  dirty  green  colors  and  conclioidal  fracture 
characterize  it.  It  occurs  in  seams  or  coatin^^s  at  manv  of  the 
mines :  abundantly  in  the  Mammoth  mine  on  contact  fissure 
between  porphyry  and  limestone ;  at  several  prospects  on  the 
Stevens  group  in  Chase  Creek  near  Garfield  Gulch  ;  in  the 
Terazas  fissure  vein  in  porphyry  near  iletcalf ;  at  the  Metcalf 
mines  and  many  of  the  prospects  between  that  place  and 
Morenci ;  at  the  Modoc  open  cut,  Morenci.  Technical  analy- 
ses of  chrysoeolla  ore  from  Terazas  mine  by  the  Arizona  Cop- 
per Company  gave 

SiO,... 31-65 

CuO 34-90 

H,0 26-30 

A1,0, 3-80 

Undetermined 3*35 


100-00 


Normal  chrysoeolla  should  have  34*2  per  cent  SiO,,  45-2  i>er 
cent  CuO,  and  20-5  per  cent  11,0,  but  tlie  analyses  show  great 
divergency,  many  probably  being  mixtures.  Moreover,  what 
has  been  called  chrysoeolla  probably  includes  two  mineral 
species. 

The  optical  characteristics  of  chrysoeolla  seem  imperfectly 
known.  Dana  states  that  it  is  cryptocrystalline,  while  many 
other  text-books,  notably  one  issued  in  1902  by  Professor 
Miers,  call  it  "  amorphous." 

In  most  cases  the  mineral  indeed  seems  cryptocrystalline 
with  bluish  gray  colors  of  interference.  But  this  is  by  no 
means  universal. 


454    Lindgren  and  HULebrand — Minerals  from  Arizona, 

Chrysocolla  from  the  Modoc  open  cut  appears  as  mammil- 
lary  crusts  of  bluish  green  color  on  "  copper-pitch  ore."  The 
latter  is  isotropic  and  undoubtedly  a  distinct  mineral  from  the 
chrysocolla,  of  brown  color  in  varying  tints,  some  of  it  opaque 
and  showing  evidence  of  concentric  deposition.  On  top  of  the 
chrysocolla  are  thin  crusts  of  quartz  and  some  calcite.  The 
chrysocolla  has  three  diflEerent  structural  forms,  as  seen  under 
the  microscope :  (1)  The  dominant  mass  is  a  crvptocrystalline 
to  microcrystalline  aggregate  of  particles  with  liigh  birefract- 
ing  index  ;  (2)  very  fibrous  and  felted  aggregates  of  same  sub- 
stance giving  undulatory  effects  between  crossed  nicols  and 
medium  high  colors ;  (3)  fibrous  crusts  on  top  of  1,  or  also  in 
thin  layers  between  masses  of  1,  the  individuals  having  such  a 
remarkably  parallel  orientation  that  the  aggregate  of  them 
appears  almost  like  single  crystals  between  crossed  nicols,  with 
black  shadows  sweeping  across  them  when  the  table  is  turned. 
The  extinction  is  parallel  to  the  fibers,  double  refraction  strong, 
about  like  augite,  character  negative.  The  same  optical  char- 
acteristics were  repeatedly  observed  in  thin  sections  of  chryso- 
colla from  Metcalf  and  other  places.  Reniform  deposits  were 
sometimes  noted,  the  center  of  cryptocrystalline  material  coated 
with  coarsely  fibrous  and  highly  birefringent  material. 

Sections  from  the  Coronado  and  Metcalf  mines  often  showed 
pseudomorphs  of  pyrite  consisting  of  a  shell  of  limonite  with 
kernel  of  fibrous  chrysocolla. 

The  observations  of  Jannettaz*  on  chrysocolla  from  Boleo 
Baja,  California,  Mexico,  led  to  the  same  results  as  described 
above,  but  seem  generally  to  have  been  overlooked  by  editors 
of  text-books. 

Copper  pitch  ore, — Under  this  old  German  name  is  described 
a  dark  brown  to  black  substance,  sometimes  dull  but  generally 
with  glassy  to  resinous  luster  ;  hardness  about  4 ;  streak  dark 
brown.  It  occurs  among  the  products  of  oxidation  of  the 
deposits  in  limestone,  as  at  the  Detroit  and  Longfellow  mines 
and  Modoc  open  out  at  Morenci,  and  is  associated  with  azurite, 
malachite,  and  chrysocolla,  often  enclosing  these  minerals  or 
replacing  in  branching  veinlets,  together  with  azurite,  a  shale- 
like mass,  probably  largely  composed  of  kaolin.  In  thin  sec- 
tion it  is  sometinies  opaque,  but  often  also  translucent,  gradual 
transitions  obtaining  in  the  same  section,  and  occurs  in  iri'egu- 
lar  or  concretionary  masses,  often  containing  small  embedded 
crystals  of  a  doubtful  mineral,  possibly  a  silicate  of  zinc 
Between  crossed  nicols  the  translucent  mineral  always  proves 
entirely  isotropic  and,  except  for  varying  depth  of  color  and 
the  small  crystals  mentioned,  entirely  homogeneous. 

•Bull.  Soc.  Min.  Paris,  1886,  ix,  211. 
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A  rough  preliminary  analysis  of  selected  pitch  black  material 
from  the  Detroit  mine  gave 

CaO 28-6 

ZnO 8-4 

MnO, 21-2 

Fe.O.  +  AlO  -fP,0, 40 

Insoluble  in  H,C1 22'8 

Ignition  loss  16*3,  less  oxygen  due 

to  conversion  of  MnO,  to  Mn.O^  ..  13*7 

98-7 

Similar  material  surmounted  by  crusts  of  clirysocolla  from 
the  Modoc  oj)en  cut  contained  mucli  MnO„  with  a  ^ood  deal  of 
CuO  and  ZuO,  and  is  thus  evidently  the  sjune  substance.  Man- 
ganese  is  largely  but  not  certainly  wholly  present  as  MnO,. 
The  insoluble  portion  consists  of  silica,  is  wholly  separated  by 
acid  without  need  of  evaporation,  and  is  nearly  all  soluble  in 
dilute  potassium  hydroxide.  It  is  not  j)Ossil)le  to  say  whether 
silica  is  in  combination  or  as  opal,  but  it  cannot  be  present  in 
any  other  form. 

Most  of  tliese  copper  pitch  ores,  known  from  many  districts, 
have  been  described  as  impure  clirysocolla.  As  shown  by  the 
optical  characteristics,  they  are  not  however  a  mixture  and  they 
certainly  do  not  contain  any  clirysocolla,  the  characteristics  of 
which  are  very  different.  They  probably  represent  a  series  of 
closely  related  comj)ounds,  the  chemistry  of  which  has  not  yet 
been  fully  elucidated.  Prof.  (t.  A.  Koenig*  describes  a  similar 
mineral  with  the  same  isotropic  character  from  liisbee,  and 
names  it  melanochalcite.  Its  conij)osition  is  different,  contain- 
ing 

CuO 76-88 

SiO, 7-80 

CO,  717 

ll.O 7-71 

ZnO 0-41 

FeS, 0-07 

100-04 

Prof.  Koenig  considers  it  as  most  probably  a  basic  salt  of  an 
ortlio-silico-carbonic  acid,  ^o  carbon  dioxide  was  found  in  the 
Morenci  minerals.  In  conclusion,  it  would  seem  that  the 
chemistry  of  these  copper  pitch  ores  would  bear  further 
oxamination. 

Morencit^, — In  a  lime  shale  on  the  intermediate  level  of  the 
Arizona  Central  mine,  Morenci,  200  feet  below  the  surface, 

•This  Journal,  xiv,  p.  404,  Dec.  Id02. 
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brownish  or  greenigh  spreading  mases  were  found,  containing 
brownish  yellow,  silky  fibrous  searns.  The  enclosing  material 
consists  largely  of  the  same  material  as  the  seams,  but  impure 
and  mixed  with  a  little  chlorite  and  pyrite.  The  whole  bears 
evidence  of  being  a  product  of  oxidation  of  some  contact 
metamorphic  mineral. 

The  fibrous  mineral  on  the  seams  forms  a  felted  aggregate  as 
seen  under  the  microscope,  but  it  is  well  individualized  and 
contains  few  impurities  except  a  little  pyrite  and  chlorite.  The 
minute  fibers  are  brownish  yellow  and  slightly  pleochroic,  being 
darker  when  parallel  to  the  principal  section  (opposite  the 
behavior  of  biotite) ;  the  birefringence  is  strong  and  extinction 
strictly  parallel  to  the  fibers.  No  mineral  corresponding  to 
this  has  been  described,  but,  although  its  individual  character 
is  beyond  doubt,  the  analysis  does  not  lead  to  a  satisfactory 
formula.  The  material  for  the  analysis  was  picked  out  care- 
fully under  the  lens  and,  examined  under  the  microscope,  it 
proved  satisfactorily  pure. 

The  analysis  afforded  the  results  of  the  first  column  of  figures 
below.  In  deducing  the  molecular  ratios  of  the  second  column, 
there  has  been  deducted  suflicient  lime  to  form  apatite  with 
the  phosphoric  oxide. 


SiO, 45-74 

TiO, trace 

A1,0, 1-98 

Fe,0, 29-68 

FeO 0-83 

MnO trace 

CaO 1-61 

MgO 3-99 

K,0 0-20 

Na,0 0-10 

H,0  105° 8-84 

H,0  150° 0-12 

H,0  below  redness.-  4*27 

H,0  redness 009 

CuO   little 

FeS 0-66 

-. 0-18 


757 

039 
186 
Oil 

027 
100 
002 
001 
491 

282 


Molecnlar  ratios. 
=  10-71  or  11 


Uos  = 


2-90 


(( 


1-141    =    2-00 


(t 


=    6-96  " 


=    3-99  "     4 


PC 
■    » 


98-89 


It  would  seem  from  the  temperatures  at  which  the  water  is 
driven  off  tliat  tliis  must  exist  in  two  conditions,  and  that  four- 
elevenths  of  it  must  be  held  more  securely  than  the  remaining 
.seven-elevenths.  The  attempt  to  account  for  four  molecules  of 
water  as  constitutional,  however,  led  to  no  simple  or  seemingly 
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probable  formula,  whereas  if  all  water  is  excluded  the  ratio  is 
that  of  a  metasilicate— R'',R'",  (SiO,)'',,.  On  the  other  hand, 
to  include  the  whole  of  the  water  as  essential  to  the  silicate 
molecule,  for  which  there  is  little  p:round  in  view  of  the  ease 
with  which  most  of  it  is  expelled,  leads  to  an  orthosilicate 
ratio-R'„R^R"^(8iO,)'^, 

On  the  whole,  considering  also  the  bad  summation  of  the 
analysis,  it  is  more  rational  to  regard  the  mineral  as  a  hydration 
product  of  an  original  metasilicate  molecule  than  to  attempt  to 
construct  a  complex  formula  which  could  have  but  a  very 
doubtful  value.  Considering  that  the  mineral  is  not  a  mixture, 
but  optically  well  individualized,  we  have,  after  some  hesita- 
tion, thought  best  to  designate  it  by  the  name  morencite, 
derived  from  the  locality  in  which  it  was  found. 

Lihethenite  (HjCu^PjOjJ. — This  hydrous,  basic  phosphate  of 
copper  was  found  30  feet  below  the  adit  level  of  the  Coro- 
nado  lode,  in  the  main  shoot.  It  is  a  matter  of  interest  to"^ 
record  its  occurrence,  for  this  rare  mineral  has  never  before 
been  noted  in  the  United  States.  It  occurs  in  small  crystals, 
less  than  1™™  in  length,  deposited  in  eayities  and  seams  in  a 
quartzite  gangue.  The  mineral  was  identified  by  Prof.  S.  L. 
Peniield,  who  also  kindly  measured  and  figured  the  crystals. 
Prof.  Peniield  describes  the  occurrence  as  follows: 

"The  only  associated  minerals  are  occasional  clusters  of  minute 
quartz  crj^stals  and  small  tufts  of  radiated  malachite  needles. 
The  color  of  the  libethenite  varies  from  light  to  dark  olive- 
green,  depending  upon  the  size  of  the  crystals.     The  habit  of 

the  crystals,  as  shown  by  the  accompany- 
ing illustration,  is  a  combination  of  the 
prism  7)1  (110)  and  brachydome  e  (Oil), 
which  is  exactly  like  that  commonly  ob- 
served on  libethenite  from  foreign  locali- 
ties. On  an  occasional  crystal  the  brachv- 
pinacoid  h  (010)  was  also  observed.  Al- 
though the  crystals  are  brilliant,  the  faces 
are  generally  yicinal  and  give  uncertain  or 
multiple  reflections  of  the  goniometer  sig- 
nal. The  best  reflections  were  obtained 
from  the  faces  of  the  dome  e^  and  three 
measurements  of  e/^e\  Oil  a.  Oil  gave 
69°  52',  70°  18'  and  70°  14'.  The  last  measurement,  obtained 
from  the  best  reflections,  is  close  to  the  value,  70°  8',  obtained 
by  Rose.  The  best  measurements  of  tiie  prismatic  angle  gave 
m^m^',  llO/vlIO  =  87°  11',  which,  considering  the  vicinal 
character  of  the  prismatic  faces,  is  reasonably  close  to  the  value 
of  Rose,  87°  40',  as  given  in  Dana's  Mineralogy.  A  small 
crystal  resting  on  a  prismatic  face,  when  examined  in  con- 
vergent polarized  lignt,  showed  an  optical  axis  nearly  in  the 
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center  of  the  field  witli  the  dark  bar  rnnning  at  ri^ht  angles  to 
the  vertical  axifi,  thus  indicating  that  the  optical  axes  are  in 
the  plane  of  the  base,  as  determined  by  Des  Cloizeanx.  The 
presence  of  copper,  water  and  phosphoric  anhydride  was  deter- 
mined by  chemical  tests." 

A  more  detailed  search  would  probably  reveal  small  quanti- 
ties of  phosphates  from  other  mines  near  Morenci.  They  are 
certainly  not  abundant. 

Brochantite  (H.Ca^SO,,). — This  basic  sulphate  of  copper  is 
usually  supposed  to  be  one  of  the  rarer  minerals.  It  was, 
however,  discovered  at  a  few  places  near  Metcalf  and 
Morenci,  in  well  developed  crystals,  and  this  led  to  a  syste- 
matic microscopic  examination  of  the  green  ores,  hitherto  sup- 
posed to  be  malachite.  The  result  was  surprising,  as  tne 
mineral  was  proved  to  be  of  extremely  common  occurrence, 
mostly  intergrown  with  malachite,  which  had  effectively 
masked  its  presence.  It  is  believed  that  a  careful  examina- 
tion of  manv  so-called  malachites  from  other  districts  will  dis- 
close  the  overlooked  importance  of  brochantite  as  a  copper  ore. 

Brochantite  is  frequently  crystallized  in  the  short  out  stout 
rhombic  prisms  combined  with  dome  and  brachypinacoid  char- 
acteristic of  the  species.  Needle-shaped  and  flat  crystals  are 
more  rare.  The  crystals  are  usually  of  small  size  and  fre- 
quently microscopic.  It  occurs  as  lighter  or  darker  emerald- 
green  crusts  on  limonite  or  sericitized  porphyry  from  the  Red 
ore  body  in  the  Shannon  mine,  from  the  Metcalf  mines  and 
many  other  places;  as  fine-grained  aggregates  in  altered 
porphyry  at  the  Shannon  mine,  near  the  surface,  and  constitu- 
ting valuable  ore  with  up  to  30  per  cent  copper ;  from  crop- 
pings  of  the  King  vein,  tilling  seams  and  coating  porphyry 
fragments  as  flat  pieces  or  even  foils  with  almost  pearly  luster ; 
from  the  croppings  of  the  Copper  Queen  mine  between 
Morenci  and  Metcalf,  here  as  flat  stellar  aggregates  of  bluish 
green  foils ;  at  many  places  near  Morenci,  as,  for  instance, 
Copper  Mountain  and  Montezuma  mines,  at  the  latter  locality 
replacing  chalcocite.  It  would  probably  not  be  found  absent 
from  any  mine  in  the  district  containing  oxidized  copper  ores. 
Malachite  often  develops  later  than  the  brochantite. 

On  the  whole,  the  mineral  is  most  abundant  in  fissure  veins 
in  porphyry,  though  also  occurring  in  the  irregular  deposits  in 
limestone. 

Brochantite  has  an  excellent  cleavage  parallel  to  the  brachy- 

Cinaeoid.  The  macropinacoid  is  the  axial  plane  and  the  acute 
isectrix  is  seen  emerging  in  eleav^age  foils.  Pleochroism  very 
slight.  Birefringence  much  lower  tlian  malachite,  about  equal 
to  that  of  augite.  This,  as  well  as  the  absence  of  twins,  dis- 
tinguishes brochantite  from  malachite.  The  reaction  for  sul- 
pJiuric  acid  is  of  course  a  valuable  aid. 
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SpangclUe  (H„Cu,AlClSO„). — This  peculiar  mineral,  essen- 
tially a  highly  basic  chloro-sulphate  of  copper  and  alumi- 
num, was  discovered  and  described  by  Prof.  S.  L.  Penfield* 
some  fifteen  years  a^o.  The  specimen  came  from  some  point 
within  200  miles  of  Tombstone,  Arizona,  and  probably  from 
one  of  the  great  copper  camps  of  tlie  territory.  Somewhat 
later  it  was  identified  by  Prof.  II.  A.  Miors  on  t^o  specimens 
from  Cornwall,  England,  but  the  American  locality  has  not 
yet  been  found.  It  is,  therefore,  a  matter  of  interest  to  record 
its  discovery  on  some  specimens  from  the  Metcalf  mine  of  the 
Arizona  Copper  Company,  taken  from  the  workings  in  the 
>freat  open  cut  not  more  than  100  feet  below  the  surface. 
These  specimens  consist  of  white  sericitized  granite-porphyry, 
in  part  silicified,  and  traversed  by  veinlets  and  irregular  masses 
of  cuprite;  the  cuprite  contains  native  copper  and  is  covered 
by  crusts  of  malachite,  brocliantite,  and  ehrysocolla.  A  soft 
and  scaly  bluish  green  coating  on  tlie  chrysoeolla  proved  to 
consist  of  microscopical  hexagonal  crystals  or  cleavage  foils, 
remaining  dark  between  crossed  nicoLs.  The  mineral  was 
identified  as  spangolite,  a  determination  in  which  Professor 
Penfield  concurred.  No  measurable  crystals  were  found  and 
the  mineral  is  very  inconspicuous.  It  is  difficult,  if  not  impos- 
sible, to  obtain  material  entirely  free  from  accompanying 
minerals. 

Selected  bluish  flakes  from  this  specimen  gave  tests  for  water, 
and  the  sulphateand  chlorine  ions,  besides  copper.  There  was 
too  little  of  this  pure  material  to  pennit  of  a  test  for  alumina, 
but  the  mixed  coj)per  minerals  composing  the  greater  part  of 
the  specimen  showed  the  presence  of  this  body.  It  seems 
therefore  probable  on  tliese  grounds  alone  that  the  bluish  flakes 
are  spangolite.     Vanadium,  phosphorus,  and  arsenic  are  absent. 

The  closed-tube  reactions  of  the  mixed  copper  minerals  are 
very  striking.  Water  is  given  off  first.  Then  appears  sud- 
denly a  white  sublimate  ( A1C1,0  ^^ear  the  assay,  which  seems  to 
form  or  at  once  change  to  minute  colorless  drops.  This  deposit 
can  be  driven  slowly  up  the  tube,  followed  at  its  lower,  sharply 
defined  edge,  by  dark  yellow-brown  drops  (CuCl,?),  which  on 
cooling  solidify  to  greenish  crystalline  aggregates,  and  the 
part  of  the  tube  between  them  and  the  assay  shows  under  the 
lense  delicate  feathery  crystallizations  like  frost  markings  on  win- 
dow panes.  Down  in  the  flame  the  glass  becomes  colored  red 
(Cu,0  ?)  and  in  parts  yellow.  On  charcoal  the  blowpipe  flame 
is  colored  azure  blue  and  at  the  same  time  green. 

In  order  to  compare  the  above  closed-tube  behavior  with  that 
of  undoubted  spangolite,  a  small  fragment  of  the  latter,  offered 
by  Dr.  Penfield,  was  tested.     It  gave  water  and  then  a  white 

*  This  Jonrnal,  1890,  vol.  xxxix,  pp.  870-378. 
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sublimate  like  the  one  above  mentioned,  followed  by  a  dark 
olive-brown  liquid,  which  on  cooling  passed  though  lighter 
shades  of  color  and  solidified  as  a  bright  green  ring.  In  general 
this  behavior  is  very  like  that  of  the  mixture  under  examina- 
tion from  Clifton. 

Gerhardtiie  (H,Cu^N,0„). — The  cliffs  of  ffranite-porphyrj 
in  the  deeply  eroded  Chase  Creek  Canyon  at  Metcalt  in  many 
places  show  a  conspicuous  and  extensive  bright  green  coating 
of  some  copper  mineral,  which,  no  doubt,  is  formed  by  the  trick- 
ling of  atmospheric  waters  over  and  through  rocks  containing  a 
small  percentage  of  copper.  This  is  not  surprising,  for  porphyry 
in  this  vicinity  is  altered  throughout  by  quartz  cementation  and 
disseminated  cupriferous  pvrite.  This ''green  paint,"  as  it  is 
frequently  called,  is  not  soluble  in  water,  and  more  closely  ex- 
amined consists  of  small  dark  green,  roughly  mammillary  forms, 
coating  the  rock  to  a  thickness  of  a  few  millimeters.  Exam- 
ination by  the  microscope  fails  to  reveal  any  recognizable  min- 
eral in  the  cryptocrystalline  mass. 

Chemical  examination  led  to  the  interesting  result  that  the 
copper  minerals  present  consist  of  a  nitrate  and  a  chloride, 
neither  of  which  has  been  found  elsewhere  in  the  mines  of  ihe 
district.  Detrital  grains  and  some  silica  seem  associated  with 
these  compounds.  The  nitrogen  seems  difficult  to  account  for 
in  the  absence  or  scarcity  of  animal  substances  which  might 
have   yielded  it.     Possibly    it  is   contained  in  the  porphyry. 

The  closed-tube  reactions  of  the  copper  minerals  forming  the 
mixture  on  this  specimen  are  as  striking  in  their  way  as  those  of 
the  mixture  containing  spangolite,  described  elsewhere.  Water 
first  appears,  then  brownish  nitrous  vapors,  followed  by  a  sub- 
limate which  is  not  very  volatile,  becomes  black  on  further  heat- 
ing but  on  cooling  yellow-brown.  The  glass  at  the  bottom  of 
the  tube  is  often  yellow-brown  when  cold.  After  some  hours 
the  sublimate  nearly  disappears  or  becomes  greenish  from  ab- 
sorption of  water.  If  the  water  which  condenses  in  the  upper 
part  of  the  tube  on  first  a])plying  heat  is  driven  out  by  the 
flame,  and  the  mouth  of  the  tube  is  held  in  the  flame,  this  is 
colored  deep  green  by  a  volatile  copper  compound  (chloride?). 
On  charcoal  the  flame  is  azure  blue  and  at  the  same  time  green. 
Vanadium  is  absent. 

The  mixture  contains  presumably  the  basic  nitrate gerhardtite 
and  a  chloride  which  is  perhaps  atacamite.  Spangolite,  the  chlo- 
ride, can  hardly  be  present,  for  the  slight  amount  of  SO,  shown 
by  test  does  not  seem  sufficient  to  account  for  the  large 
amount  of  cliloride. 

The  onl}^  place  from  wliieh  gerhardtite  has  previously  been 
identified  is  at  Jerome  mines  in  the  central  part  of  Arizona, 
associated  with  cuprite  and  malachite.  It  was  discovered 
there  by  Messrs.  11.  L.  Wells  and  S.  L.  Penfield. 
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I.    Chemistry  and  Physics. 

.  Conversion  of  Ammonia  into  Nitrites  and  titrates,  —  It 
becD  known  for  a  long  time  that  when  air  acts  upon  metal- 
30pper  in  presence  of  ammonia  solution,  a  formation  of  am- 
Qium  nitrite  takes  place  along  with  the  solution  and  oxidation 
the  copper,  and  it  has  been  found,  also,  that  atmospheric 
rgen  is  taken  up  by  a  solution  of  capric  hydroxide  in  ammonia, 
h  the  formation  of  nitrite.  The  first  of  these  reactions  gives 
nail  yield  of  nitrite  in  comparison  with  the  amount  of  copper 
dized,  while  the  second  one  takes  place  very  slowly.  W. 
kUBB  and  A.  Biltz  have,  therefore,  investigated  the  electro- 
c  oxidation  of  ammonia  in  the  presence  of  cupric  hydroxide, 
i  have  found  that  when  an  ammoniacal  solution  of  sodium 
Iroxide  containing  dissolved  cupric  hydroxide  is  electrolyzed, 
rly  all  the  oxygen  liberated  at  the  anode  is  utilized  in  convert- 
ammonia  into  the  nitrite.  Electrodes  of  })latinum  and  iron 
were  used  for  the  experiments ;  the  latter  being  scarcely 
icked  in  the  alkaline  solutions.  When  the  electrolysis  was 
longed  it  was  found  that  the  nitrite  was  completely  oxidized 
litrate.  It  was  found  that  the  process  gave  a  high  percentage 
efficiency  in  the  use  of  the  electric  current  on  the  small  scale 
d  in  the  laboratory,  but  it  has  not  yet  been  ascertained  that 
I  interesting  method  will  })rove  economical  as  a  manufacturing 
cess  on  the  large  scale. — Berlchte^  xxxvii,  3130.  h.  l.  w. 
.  Is  TyjidaWs  Optical  Method  Capable  of  Shotoi?ig  the 
isefice  of  Molectdes  in  tSolutions^ — It  has  been  shown  by 
ing  that  it  is  possible  to  obtain  aqueous  solutions  in  which  a 
irerful  ray  of  light  is  invisible,  just  as  Tyndall  found,  long  ago, 
t  such  a  ray  was  invisible  in  properly  purified  gases.  Lobry 
Bbuyn  and  Wolff  have  recently  made  experiments  which 
n  to  indicate  that  large  molecules  in  solution  have  an  action 
»n  the  ray  of  light  which  is  similar  to  that  of  ultramicro- 
pic,  suspended  particles.  Their  results  are  perhaps  not  yet 
elusive,  but  if  work  on  a  larger  scale  and  with  better  apparatus 
firms  these  preliminary  results,  it  will  not  be  easy  to  distin- 
sh  between  real  and  pseudo-solutions  (e.  g.  colloidal  solutions 
metals),  by  means  of  the  action  of  light. — Hecueil,  Paya-BaSy 
ii,  153.  H.  L.  \v. 

.  A  New  Modification  of  iSilicon,  —  Moissan  and  Siemens 
e  found  that  silicon  is  more  soluble  in  molten  silver  than  in 
5.  It  was  observed,  moreover,  that  a  part  of  the  silicon  was 
lily  soluble  in  hydrofluoric  acid,  although  it  separated  in  a 
stalline  condition  when  the  silver  solidified.  Thus,  upon 
iration,  silver  was  shown  to  dissolve  the  amounts  given  in  the 
owing  table : 
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Temperature. 

Total  Si. 

Soluble. 

Inaolnble 

970° 

9*22^ 

6-365< 

Z'HIi 

1150 

14-89 

4-02 

10-87 

1250 

19-26 

3-66 

15-60 

1470 

41-46 

6-63 

34-83 

It  was  found  that  when  the  metallic  silver  was  only  partly 
saturated  with  silicon,  the  proportion  of  the  soluble  modification 
was  greater,  so  that  when  only  about  2  per  cent  was  present  it 
was  practically  all  soluble  in  hydrofluoric  acid.  This  new  modi- 
fication of  silicon  forms  thin,  yellow,  transparent  plates,  the  color 
of  which  resembles  the  crystallized  silicon  made  with  alaminam. 
Its  specific  gravity  does  not  vary  notably  from  that  of  the  insol- 
uble modification. — Berichtey  xxxvii,  2540.  h.  l.  w. 

4.  Phosphorescent  Zinc  Sulphide, — It  has  been  supposed  that 
chemically  pure  zinc  sulphide  was  required  for  the  preparation  of 
the  well-known  phosphorescent  blende  screens.  In  preparing  such 
screens  Grunk  noticed,  however,  that  the  results  were  very  vari- 
able, and  when  particular  care  was  taken  to  use  very  pure  zinc 
salts,  the  phosphorescence  became  weaker  than  usual.  From  this 
it  was  evident  that  traces  of  foreign  substances  improved  the 
luminosity  of  the  material,  and  direct  experiments  showed  this 
to  be  the  case.  Copper  was  found  to  be  the  most  satisfactory 
impurity,  and  less  than  1/10,000  of  this  sufficed  to  produce  a  mag- 
nificent green  phosphorescence.  Silver,  lead,  bismuth,  tin,  ura- 
nium, and  cadmium  also  gave  good  products,  while  iron,  nickel, 
cobalt,  and  chromium  gave  negative  results.  When  manganese 
was  present  in  the  zinc  sulphide  a  very  peculiar  product  was 
obtained  which  phosphoresced  with  a  yellowish  red  light  and 
became  very  luminous  when  it  was  rubbed  or  scratched. — BerichU, 
xxxvii,  3076.  H.  i*.  w. 

5.  Atomic  Weight  of  Rubidium, — An  elaborate  investigation 
of  the  value  of  this  constant  has  been  made  by  E.  H.  Abchibald 
of  McGill  University,  Montreal.  Great  care  was  used  in  purify- 
ing the  material,  particularly  in  separating  the  last  traces  of 
potassium  and  caesium,  and  several  samples  of  different  origin,  as 
well  as  of  different  treatment  in  purification,  gave  only  closely 
agreeing  results.  The  ratios  AgCl:  RbCl,  Ag:  RbCl,  Ag6r:  RbBr 
and  Ag:  RbBr  were  determined  with  very  concordant  results, 
giving  a  final  mean  value,  when  oxygen  is  taken  as  16,  as  85*485 
for  the  atomic  weight  of  rubidium.  This  result  is  appreciably 
higher  than  the  results  of  most  of  the  previous  investigators,  the 
value  adopted  in  the  international  table  being  85 -4. — Jour.  Chem, 
Soc,  Ixxxv,  776.  H.  L.  w. 

6.  liadio-active  Cinnabar,  —  It  has  been  observed  by  Los- 
ANiTscH  that  certain  specimens  of  the  mineral  cinnabar  show  a 
distinct  radio-active  action  upon  the  photographic  plate,  but  this 
is  not  as  strong  as  the  action  of  pitchblende.  It  is  the  author's 
opinion  that  the  radio-active  constituent  of  cinnabar  is  not  identi- 
cal with  radium,  and  he  gives  to  it  provisionally  the  name  radio- 
mercury. —  BerirJue^  xxxvii,  2904.  H.  L.  w. 
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7.  Materialien  der  Stereochemic ;  von  C.  A.  Bischoff.  8vo, 
pp.  cxxxvi  +  1977.  Braunschweig  1904  (Vieweg  und  Sohn). — 
The  two  large  volames  under  consideration  are  made  up  of  nine 
yearly  reports  on  stereochemistry  embracing  the  years  1894-1902. 
^ch  year's  report  is  divided  into  four  sections,  treating  of  general 
stereochemistry,  optical  isomerism,  the  geometrical  isomerism  of 
optically  inactive  bodies,  and  the  relations  between  position  in 
space  and  chemical  reactions.  Those  who  have  not  followed 
closely  the  progress  of  stereo-chemistry  will  be  surprised  that 
so  extensive  a  work  could  be  written  upon  the  investigations  of 
nine  years  in  this  subject,  concerning  which  nothing  was  heard 
twenty  years  ago.  Regardless  of  some  defects,  such  as  slight 
attention  to  American  work,  the  book  will  be  found  indispensable 
to  those  who  ar**  interested  in  this  line  of  research.  t.  b.  j. 

8.  Die  Heterogenen  Glelchffeicichte  vovi  Standpiinkte  der 
Phasenlehre;  von  Dr.  H.  W.  Bakhuis  Roozeboom.  Vol.  II,  Part 
I,  pp.  467,  8vo(  Vieweg  und  Sohn,  1904). — The  first  volume  of  this 
book  has  already  been  reviewed  in  this  Journal  [4],  xii,  463,  1901. 
The  present  volume  is  devoted  to  systems  made  up  of  two  com- 
ponents in  which,  as  solid  phases  only  the  components  occur,  and 
excluding  the  cases  where  solid  compounds  or  mixed  crystals  are 
present.  Frequent  use  is  made  of  diagrams  and  figures  in  three 
dimensions.  For  students  of  the  piiase  rule  this  book  when 
finished  should  take  the  part  that  (istwald's  Lehrbuch  does  for 
students  of  physical  chemistry  in  general.  ii.  w.  f. 

9.  Phosphorescence.  — A  long  paper  on  this  subject  is  contrib- 
uted by  P.  Lenard  and  V.  Kl\tt,  and  relates  to  the  phosphores- 
cence of  sulphides  of  the  alkali  earths.  This  [ihosphorescence 
is  due  to  those  sulphides,  to  a  small  trace  of  certain  metals,  and  to 
fusible  additions.  Together  with  the  chemical  nature,  the  physical 
structure  conditions  the  character  of  the  light.  This  light 
appears  only  at  a  glow  heat,  never  at  a  cold  or  wet  stage,  and  is 
destroyed  by  pressure.  Care  was  taken  to  obtain  definitely  pure 
substances.  The  addition  of  small  trace  of  metals  changes  the 
intensity  of  the  light,  and  its  duration.  No  displacement  of 
bands  in  the  spectrum  was  noticed.  Tlie  authors  believe  that 
their  study  of  the  peculiarities  of  the  emission  bands  gives  an 
insight  into  the  complex  |>henomena  of  phosphorescence. — Ann, 
der  Phi/sik,  No.  12,  1904,  pp.  225-282.  j.  t. 

10.  UppmiuCs  Color  Photography. — L.  Pfaundler  having  at 
hand  a  number  of  Lippman  photographs  has  made  a  study  of 
"Zenker  Streifer"  in  regard  to  their  bearing  on  the  color  of  the 
photographs.  These  streifer,  or  bands,  are  spectra  or  interference 
colors  produced  by  the  varying  thickness  of  the  photographic 
film.  These  spectra  diffused  over  the  photograph  give  the  colors 
observed.  The  Zenker  bands  show  that  there  are  series  of  color 
pairs  which  do  not  contribute  to  a  correct  color  mixture  but 
which  tend  to  neutralize  to  black.  The  Lippman  method  is  not  a 
full  solution  of  color  photography.  It  is,  however,  a  beautiful 
and  highly  interesting  physical  experiment. — Ann.  der  Physiky 
No.  12,  1904,  pp.  371-384.  j.  T. 
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11.  Change  of  Velocity  of  Cathode  Raye  in  passing  throtigh 
thin  Metallic  Layers, — H.  Hertz  first  observed  the  passage  of 
the^e  rays  through  thin  metallic  screens,  and  showed  that  the 
rays  were  diffused  in  their  passage.  P.  Lenard's  paper  on  the 
passage  of  cathode  rays  outside  the  exhausted  vessel  into  air 
and  through  various  substances  is  well  known.  He  fonnd  that 
the  rays  apparently  suffered  no  change  in  velocity.  W.  Seitz 
came  to  the  same  conclusion.  Lately  £.  Gehrcke  showed  that 
under  constant  potential  differences  a  homogeneous  beam  of 
cathode  rays  after  reflection  from  metallic  surfaces  showed  itself 
non -homogeneous  and  the  beam  was  spread  out  into  a  spectrum. 
G.  £.  Leitiiauser  has  extended  this  work  to  the  study  of  the  pos- 
sible change  of  velocity  which  a  homogeneous  cathode  beam 
might  suffer  in  passing  through  thin  metallic  membranes.  He 
points  out  that  the  failure  of  the  earlier  observers  to  notice  a 
change  of  velocity  was  perhaps  due  to  their  employment  of  Ruhm- 
korf  coils,  and  he  has  worked  with  a  twenty-plate  Holtz  machine, 
which  gave  a  constant  difference  of  potential.  He  thus  obtains  a 
change  in  velocity  and  confirms  Gehrcke's  results. — Ann.  der 
Fhysik,,  No.  12,  1904,  pp.  283-306.  j.  t. 

12.  Insulation  in  a  Vacuum, — Lord  Kelvin  calls  attention  to 
a  confusion  of  ideas  in  regard  to  the  conductivity  of  the  ether. 
He  prefers  to  call  the  ether  a  very  perfect  non-resister  of  elec- 
tricity passing  through  it,  and,  therefore,  that  the  insulation  of 
electricity  in  a  vacuum  is  to  be  explained  not  by  any  resistance 
of  vacant  space  or  of  ether  but  by  a  resistance  of  glass  or  metal 
or  other  solid  or  liquid  against  the  extraction  of  electrions  from 
it,  or  against  the  tearing  away  of  electrified  fragments  of  its  own 
substance.  Lord  Kelvin  believes  that  it  is  quite  true  that  the 
extraction  of  an  electrion  from  the  atom  is  opposed  by  a  definite 
permanent  force  which  must  be  overcome  before  the  electrions 
can  be  drawn  out.     He  computes  the  order  of  such  a  force. 

Between  electrodes  ^  of  a  mm.  apart  raised  to  a  difference  of 
potential  of  200,000  volts  the  electrostatic  force  between  them 
will  amount  to  96,000,000  volts  per  cm.  and  would  give  a  force 
of  109*1 0~*  dynes  or  16*6  tons  per  sq.  cm.  in  the  electrostatic 
field  ;  four  times  the  above  electrostatic  force,  or  1,280,000  C.  G.S. 
units,  would  give  a  force  of  66*4  tons  weight  per  cm.  The  break- 
ing weight  of  the  strongest  steel  wire  scarcely  amounts  to  20 
tons  per  sq.  cm.  Hence  the  metallic  electrodes  under  considera- 
tion would  be  broken  into  fragments.  It  would,  however,  bear 
the  96,000,000  volts  or  16*6  tons  per  sq.  cm. 

Lord  Kelvin  believes  it  would  be  very  desirable  that  careful 
experiments  should  be  made  with  steady  current  on  the  highest 
obtainable  vacuna. — Phil.  Mag.^  Oct.  1904,  pp.  634-538.     j.  t. 

13.  Slow  Trayisformation  Products  of  Padium, — Professor 
RuTiiKRFORD  Summarizes  the  successive  changes  of  the  various 
emanations  and  constituents  of  radium  and  finds  that  certain  sup- 
posititious products  of  pitchblende  which  he  calls  radium  D  and  £ 
should  have  very  interesting  rates  of  transformation.     Radius  D 
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should  emit  only  fi  and  y  rsLjH,  The  fi  rays  should  decay  to  half 
value  in  about  forty  years.  The  radium  E  should  emit  only  a 
rays  and  its  value  should  fall  to  half  value  in  about  one  year. 
Professor  Rutherford  considers  whether  these  two  products  have 
been  identified  by  various  observers. — P/dl,  May.,  Nov.  1904,  pp. 
636-660.  J.  T. 

14.  lext'book  of  General  Physics  for  High  Schools  and  Col- 
leges; by  Joseph  S.  Ames.  Ph.D.  768  p}).(A!iierican  Book  Com- 
pany.) — In  this  extensive  book  there  are  many  excellencies  at 
once  apparent  to  a  reviewer.  The  print  is  all  that  could  be  desired 
and  the  diagrams  are  not  only  clear  but,  as  a  rule,  exceptionally 
well  designed.  So  too  the  pictures,  which  are  presented  in  ample 
.but  not  excessive  numbers,  are  good  and  well  chosen.  An  excel- 
lent feature,  also,  is  the  short  bibliographies  at  the  ends  of  many 
of  tire  sections,  which  may  prove  especially  helpful  to  a  reader 
remote  from  a  large  library. 

If  we  look  for  a  distinguishing  characteristic  in  this  work  with 
respect  to  its  predecessors  in  the  same  field,  we  should  doubtless  find 
it  an  unusually  frank  effort  to  teach  physics  by  a  mere  extension 
of  the  individual  experience  of  the  student.  As  this  is  a  method 
which,  to  many  teachers,  seems  beset  with  formidable  difficulties, 
one  turns  with  natural  interest  to  the  treatment  of  mechanics, 
here  extended  beyond  the  usual  proportion.  The  definition  of 
Mechanics  (p.  33)  takes  the  unusual  form  **  the  science  of  the 
inertia  of  matter."  Nowhere,  however,  does  the  term  inertia 
appear  to  be  defined  or  used  in  a  quantitative  sense.  The  only 
definition  (p.  14)  is  given  in  the  following  words  :  **  If  the  motion  of 
a  body  is  changed  in  any  way  by  means  of  our  muscles,  we  are 
conscious  of  the  sensation  of  force  ;  and  the  name  *  inertia'  is 
given  to  that  property  of  the  body  owing  to  which  this  is  trne." 
Mass  is  defined  (p.  60)  as  pure  number,  consequently  force  is  (p. 
60)  asserted  to  be  a  magnitude  of  the  same  kind  as  acceleration. 
Such  inconsistencies,  however,  will  doubtless  be  eliminated  in 
revision.  c.  s.  h. 

I.    Geology  and  Natural  History. 

I.  The  Stratigraphy  and  Paleontology  of  the  Niagara  of 
Northern  Indiana,  Stratigraphy,  by  E.  M.  Kindlk  :  Paleontol- 
ogy, by  E.  M.  KiNDi.E  and  C.  L.  Brkgek.  Twenty-eighth  Annual 
Report  of  the  Geological  Survey  of  Indiana,  1904,  pp.  .597-486, 
pis.  1-26. — This  small  but  important  work  treats  of  an  area  in 
which  detailed  stratigraphic  and  paleontologic  work  is  very 
desirable  because  of  the  present  great  interest  in  the  Cincinnati 
axis  in  relation  to  the  distribution  of  Silurian  faunas. 

The  Niagaran  formations  of  northern  Indiana  are  very  largely 
covered  by  drift,  so  that  no  complete  sections  are  shown.  Well- 
borings  indicate  that  the  thickness  for  the  entire  Niagaran  lime- 
stones, principally  magnesian,  varies  between  250  and  500  feet. 
Proxinuty  to  laud  is  indicated  by  the  considerable  variation  in 
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short  distances  in  the  texture  and  composition  of  the  limestones. 
Farther,  ^'  local  lenses  of  sandstone  have  been  observed  at  some 
localities."  In  the  Niagaran  formation  of  northern  Indiana,  there 
is  '*  a  notable  exception  to  the  nearlv  horizontal  and  undistarbed 
condition  which  generally  characterizes  most  of  the  other  forma- 
tions of  Indiana."  In  the  upper  Wabash  valley,  *^  the  strata  are 
frequently  found  to  be  highly  inclined."  The  dips  vary  from  5° 
to  80°. 

''The  general  structure  of  the  Niagara  beds  of  northern  Indiana 
is  that  of  a  broad  arch  with  gently  sloping  sides  trending  north- 
west and  southeast.  It  represents  a  northwestern  extension  of 
the  Cincinnati  geanticline.  Its  axis,  approximately  located,  enters 
the  state  near  Richmond,  and  passes  northwesterly  in  the  vicinity, 
of  Muncie,  Marion  and  Peru,  and  continues  north  of  the  Wabasb 
through  Cass,  White,  Jasper  and  Newton  counties  into  Illinois. 
On  the  two  sides  of  this  line  of  maximum  elevation  of  the  Niagara 
the  Devonian  and  Carboniferous  rocks  dip  in  opposite  directions; 
in  Michigan  and  Ohio,  toward  the  north  and  northeast ;  in  Indiana, 
toward  the  southwest  or  south  "  (p.  409).  "The  arch  described 
above  is  not  the  '  Wabash  Arch '  of  Gorby,  which  apparently  was 
supposed  by  its  author  to  follow  the  Wabash  Valley  in  eastern 
Indiana"  (p.  409).  **The  dips  seem  everywhere  to  be  quaquaversal, 
and  it  is  believed  that  all  of  the  tilted  Niagara  beds  of  northern 
Indiana  represent  small  domes  similar  to  those  at  Huntington  and 
Wabash  "  (p.  411).  "There  is  at  present  no  positive  evidence  as 
to  the  nature  of  the  forces  which  produced  the  domes.  It  seems 
probable,  however,  that  they  may  be  analogous  in  origin  to  the 
'mud  lumps'  at  the  mouth  of  the  Mississippi"  as  recently 
described  by  Harris. 

"Whatever  the  causes  may  have  been  which  produced  the 
domes,  there  is  clear  evidence  that  they  were  developed  about  the 
close  of  the  Niagara  period.  Many  of  them  were  elevated  above 
the  Paleozoic  sea,  while  others  probably  did  not  reach  its  surface. 
Some  of  the  domes  remained  above  sea  level  during  a  consider- 
able portion  of  tlie  Devonian  age,  and  there  is  some  evidence  that 
others  continued  as  islands  to  the  end  of  Devonian  time." 

"The  occurrence  of  outliers  of  Pottsville  conglomerate  in  the 
center  of  the  Niagara  area  of  northwestern  Indiana  near  Reming- 
ton and  Jasper  indicate  that  a  subsidence  occurred  after  the  for- 
mation of  the  Niagara  domes  which  submerged  all  or  nearly  all  of 
the  Niagara  area  of  that  region  beneath  the  Carboniferous  sea. 
The  development  of  the  present  Niagara  arch  in  northwestern 
Indiana  was,  therefore,  of  much  later  date  and  independent  of  the 
formation  of  the  Niagara  domes.  While  the  domes  date  back  to 
the  end  of  the  Niagara,  the  Niagara  arch  is  of  Carboniferous  or 
poKt-Carboniferous  age." 

"The  evidence  at  hand  points  to  a  general  elevation  of  the  sea 
bottoms  at  the  close  of  the  Niagara  [Guelph]  in  the  area  around 
the  northern  end  of  the  Cincinnati  geanticline." 

"  A  study  of  the  faunas  of  the  region  has  shown  the  presence  in 
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it  of  fannas  representing  two  distinct  and  successive  epochs  of 
the  Niagara  group."  The  earlier  of  these  faunas  is  ^*  correlated 
with  that  of  the  Lockport  limestone  of  New  York.  The  later 
fauna  which  has  been  recognized  contains  many  species  of  the 
Gaelph  limestone  fauna  of  Canada,  which  has  not  hitherto  been 
known  to  occur  in  Indiana."  The  lower  beds  are  called  the 
"Noblesville  dolomite"  because  no  trace  of  the  Guelph  fauna 
appears  in  it. 

The  higher  formation  is  named  the  Huntington.  "  The  bulk  of 
this  fauna  consists  of  a  congeries  of  cephalopod  and  gasteropod 
species,  mostly  of  large  size,  together  with  a  few  heavy-shelled 
brachiopods.  Only  four  of  the  fifty  species  of  brachiopods  which 
occur  in  the  Noblesville  rocks  of  northern  Indiana  have  been 
recognized  in  the  collections  from  Huntington." 

Discuasion  by  the  Reviewer. — As  slatecl  by  Kindle,  the  Nia- 
garan  deposits  of  northern  Indiana  include  two  well-marked  hori- 
zons equivalent  to  the  Lockport  and  Gaelph  formations  of  New 
York.  Clarke  has  recently  shown  that  the  Lockport  limestone 
has  in  its  upper  portion  a  true  Guelph  fauna  ;  hence  it  may  be 
said  that  in  a  general  way  the  Noblesville  and  Huntington  for- 
mations are  equivalent  to  the  Lockport  and  probably  all  of  the 
Lockport  of  New  York  and  the  Guelph  of  Ontario.  The  Nobles- 
ville fauna  is  in  the  main  made  up  of  brachiopods,  while  the 
Huntington  is  essentially  a  gasteroj)od  and  cephalopod  fauna. 

Another  important  fact  is  indicated  but  not  stated  by  Kindle. 
This  is  the  absence  of  the  Waterliine  horizon  in  northern  Indiana, 
although  it  is  present  over  a  great  length  of  the  state  of  Ohio. 
It  is  true  that  Waterlime  is  reported  about  Kokomo,  Indiana,  but 
the  eurypterids  from  here  are,  with  one  exce])tion,  not  those  of  the 
Waterlime,  either  of  New  York  or  Ohio.  Further,  Conchidinm 
collettioi  Kokomo  is  of  the  generic  type  abundant  in  the  Nobles- 
ville, and  in  no  other  American  place  is  this  genus  known  above 
the  Guelph.  The  occurrence  here  also  of  a  Wllsonia  (  W.  koko- 
moenais)  is  further  suggestive  of  Noblesville.  The  conclusion 
seems  warranted  that  the  Kokomo  cement  beds  are  probably  of 
Noblesville  age  rather  than  of  the  Huntington  and  especially*  the 
Waterlime  or  Bertie  of  New  York.  This  conclusion  finds  further 
support  in  the  fact  that  nowhere  south  of  northern  Indiana  along 
the  western  side  of  the  Cincinnati  geanticline  are  known  strata 
having  a  Guelph  fauna.  The  work  of  Foerste  in  southern  Indiana, 
Kentuckv,  and  Tennessee  indicates  that  the  Silurian  closed  with 
beds  not  younger  than  the  Lockport.  All  of  Indiana  was  land 
from  the  close  of  the  Guelph  to  the  beginning  of  Onondaga  time. 
In  other  words,  during  this  time  there  was  deposited  in  eastern 
New  York  all  of  the  Cayugan,  Helderbergian,  and  Oriskanian — 
a  time  of  consideration  duration.  The  first  succeeding  subsidence 
began  in  the  south  (Tennessee),  for  the  Silurian  is  overlain  by 
Helderbergian  rocks  of  New  Scotland  age.  In  the  north,  subsi- 
dence did  not  take  place  until  just  before  Onondaga  time,  since 
the  oldest  Devonian  strata  are  of  latest  Oriskanian  age  (Decew- 
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ville)  as  may  be  seen  aboat  Decewville,  Ontario.  This  sabsidence 
was  gradual  and  came  in  from  the  east  and  southeast,  while  the 
other  progressed  northward  through  the  Mississippi  embayment. 
With  the  beginning  of  Onondaga  time,  submergence  was  rapid 
and  quite  general  throughout  the  Mississippian  sea.  It  should 
be  stated  here  that  while  the  sea  on  the  west  of  the  Cincinnati 
axis  became  extinct  at  the  close  of  the  Guelph,  on  the  east  in  Ohio 
it  continues  well  into  the  Cayugan,  as  is  proved  by  the  presence 
here  of  W'aterlime  beds  of  the  age  of  the  lower  Manlius  of  New 
York. 

A  marked  peculiarity  of  the  Noblesville  assemblage  is  the 
almost  total  absence  of  coraln,  although  to  the  south  about  the 
Falls  of  Ohio,  and  again  near  the  straits  of  Mackinac,  they  are 
present  in  great  variety  and  abundance.  With  this  exception, 
the  northern  Indiana  Niagaran  fauna  is  more  decidedly  that  of 
southern  Indiana  about  the  Falls  of  Ohio  than  that  of  northeni 
Illinois  and  Wisconsin.  This  is  seen  by  the  presence  in  the 
Wabash  area  of  the  southern  forms  Anaatrophia  intemascenij 
Cofichidium  littoniy  C,  unguiformia,  Gypidida  roemeri^  G,  nu- 
cieuSy  Camarotcechia  whitei  (=  C.  sp.  undet.  ofK.  and  B.),  C. 
acinus,  Wilsonia  saffordi,  Atrypa  calviniy  Spirifer  foggi^  S. 
radiatus,  8.  crlspua  simplex,  Cyrtia  myrtia,  and  Meristina  recti- 
rostris.  Of  strictly  northern  species,  there  are  in  the  Wabash 
area  Couchidium  inidticostatum,  Spirifer  nohilis,  Amphiccelia 
neglecta,  Lituites  marshii,  Illcefius  armatus,  Z  insignia^  I.  iaxuSj 
Ceraunis  niagarensis,  Sphcerexochvs  romingeri,  and  Dalmanites 
vigilans.  Nearly  all  of  the  latter  are  free  forms,  with  greater 
powers  of  dissemination  than  the  brachiopods.  These  facts  seem 
to  warrant  the  statement  that  the  Wabash  axis  was  already  in 
existence  during  Noblesville  time,  and  that  while  it  was  more  or 
less  of  a  barrier  against  the  free  intermigration  of  the  northern 
and  eastern  and  southern  faunas,  it  was  not  a  complete  barrier. 
That  it  was  not  effective  is  further  seen  in  the  peculiar  distribu- 
tion of  Conchidium.  In  the  Louisville  area  during  Lockport,  or 
rather  Louisville  (=  Noblesville),  time  we  have  C  compiancUus, 
C.  crass iplica,  C.  exponeum,  C,  fcnappi,  C.  littoni,  C,  nysiiis,  C. 
tenuicostatutn ,  and  C  unguiforme.  In  central  and  northern 
Indiana,  about  the  same  time,  there  are  C.  colletti,  C.  littoni,  and 
C,  muUicostatum,  and,  in  Wisconsin,  C,  crassiradiatuni,  C, 
gree?iei,  and  C.  ynulticostatum.  During  Guelph  time,  in  the 
Wabash  area,  there  are  C  laqueatum  and  C,  trilobatum,  and  in 
Wisconsin  C,  occidentale,  C\  laqueatinn  is  related  to  C.  occiden- 
tale  of  the  eastern  Guelph,  while  C,  trilobatum  is  unique  unless  it 
proves  to  be  a  Strickland inia.  This  indicates  that  none  of  the 
Noblesville  Conchidia  pass  into  the  Huntington,  but  that  the 
species  found  in  the  latter  formation  come  from  the  eastern 
Guelph. 

That  the  Wabash  axis  was  in  existence  long  previous  to  the 
Niagaran  is  seen  in  the  distribution  of  the  earlier  faunas.  The 
first  marked  difference  in  the  Ordovician  faunas  as  seen  on  the 
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two  sides  of  the  Cincinnati  geanticline,  and  especially  in  connec- 
tion with  the  Wabash  axis,  is  in  the  Richmond  faunas  situated  to 
the  northwest  of  the  latter  axis  about  Wilmington,  Illinois,  and 
Delafield,  Wisconsin,  and  that  to  the  south,  especially  as  seen 
about  Madison,  Indiana.  It  is  true  that  these  Richmond  faunas 
have  many  species  in  common  and  it  is  probable  that  they  are 
not  synchronous,  so  that  there  may  have  been  land  in  southern 
Indiana  at  the  time  when  the  higher  Richmond  appeared  in 
northeastern  Illinois.  This  may  mean  that  no  true  axis  or 
"parma"  was  in  existence  during  Richmond  time,  but  it  does 
seem  to  show  that  the  Wabash  parma  at  least  indicates  the  strike 
for  the  then  highest  land.  During  Silurian  time,  this  parma  was 
a  bar  to  the  northward  spreading  of  the  Clinton  and  probably, 
also,  of  the  Waldron  formation.  In  fact,  all  the  post-Clinton 
Silurian  faunas  to  the  north  of  the  Wabash  and  east  of  the  Cin- 
cinnati parmas  are,  in  facies,  more  decidedly  that  of  New  York, 
while  those  south  and  west  of  the  same  barriers  have  another 
relationship.  The  fact  that  all  these  faunas  have  species  in  com- 
mon goes  to  show  that  the  Wabash  axis  was  not  at  all  times  a 
complete  barrier  to  the  intermigration  of  faunas  or  that  the  Cin- 
cinnati axis  was  crossed  by  the  sea  somewhere  in  Kentucky  or 
Tennessee.  The  dissimilarities  on  the  Iavo  sides  of  the  Cincinnati 
axis  indicate  that  the  Wabash  axis  had  some  effect  on  the  dis- 
semination of  the  faunas. 

In  regard  to  some  of  the  species  described,  it  seems  desirable 
to  make  a  few  statements.  TrimereWt  sp.  appears  to  be  a  Mono- 
fnorellOy  because  the  platform  is  not  excavated,  as  rnay  be  seen  in 
the  cast,  not  having  the  two  cones  so  characteristic  of  the  former 
genus.  Stropheodonta  corru<j(ita  has  l)een  recently  studied  by 
the  writer  in  specimens  from  the  Clinton  of  Pennsylvania,  and 
these  prove  the  sj)ecies  to  be  a  Rafi}ie8qnin<L  Pholklosirophia 
niagarenais  is  probably  a  Brachyprkm,  as  it  has  radiating  striae. 
Orthis flaheUitea  Foerste  is  hardly  the  well-known  shell  formerly 
passing  in  America  as  CflaheUuluin,  It  looks  more  like  forms 
of  the  0,  da vidsoni  type ,  Katonia  goodlay^densis  v^wwot  ho  an 
Eatonia  as  it  has  a  dorsal  sinus,  the  reverse  condition  of  this 
eenas.  It  is  probably  a  pentameroid  of  the  genus  Parastrophia, 
meristina  princeps  is  known  to  be  a  true  Meristella,  and  cannot, 
therefore,  be  referred  to  Merlstlna,  The  Indiana  shell  seems  to 
be  related  to  Merist'ma  muria,  if  the  stria*  mentioned  are  internal 
markings.  ciiahlks  schijciiert. 

2.  Report  on  an  Ejtploration  of  Ekrcan  River,  Sutton  Mill 
Zfokes  and  part  of  the  west  coast  of  James  Batj  ;  by  D.  B.  Dow- 
LING. — This  is  **Part  F"  of  the  fourteenth  Annual  Report  of  the 
Geological  Survey  of  Canada.  It  is  particularly  interesting  on 
account  of  the  fauna  described  by  Whiteaves.  '  In  the  Sutton 
Mill  Lakes  region,  the  Cambrian  is  also  exposed  and  is  regarded 
by  Dowling  as  of  the  same  age  as  that  on  the  east  shore  of  Hud- 
son Bay,  described  many  years  ago  by  Bell  and  Low.  In  the 
latter  region,   the  quartz  conglomerates,  quartzites,  and  sand- 
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stones,  with  a  heavy  trap  overflow,  attain  a  thickness  of  about 
2800  feet.  '^  This  great  thickness  is  not  found  on  the  west  side 
of  the  bav."  In  tlie  Sutton  Mills  Lakes  region,  90  feet  of  sand- 
stones and  slates  are  shown  '^  capped  by  an  extrusive  trap  show- 
ing a  thickness  of  150  feet."  These  rocks  *'  present  many  features 
in  common  with  those  from  the  Animikie  of  Thunder  Bay."  No 
fossils  are  mentioned. 

Overlying  the  Cambrian  is  *' a  flat-lying  limestone,  which  forms 
a  wide  belt  around  the  west  shore  of  James  Bay  and  along  the 
southern  shore  6f  Hudson  Bay.  On  the  Albany  Kiver  the  upper 
part  of  the  series  is  proved  to  be  of  Devonian  age,  and  beneath, 
at  a  greater  distance  from  the  sea,  Silurian  limestones  are  exposed. 
These  beds  probably  overlap  any  older  ones  that  may  be  beneath, 
and  rest  directly  on  the  Archaean."  The  Silurian  dolomitic  lime- 
stone ^^  does  not  appear  to  be  of  any  great  amount,  probably  not 
over  20  feet."  The  geologic  series  is  terminated  by  Post-Ter- 
tiary clays  containing  Saxicava  ruffosa^  Mya  trunccUa^  Macoma 
calcarea^  and  Cardium  ciliatum. 

According  to  Whiteaves,  the  Silurian  fauna  consists  of  55 
species,  of  which  39  are  specifically  named,  26  being  restricted  to 
the  James  Bay  region.  The  percentage  of  new  species  is  there- 
fore rather  high,  but  not  greater  than  one  would  expect  from  a 
region  so  widely  separated  from  other  known  Silurian  areas.  The 
assemblage  both  of  species  and  faunal  facies  is  not  that  of  the 
Rochester  or  lower  Lockport.  as  none  of  the  characteristic  forms 
of  these  well-known  faunas  are  present. 

On  the  other  hand,  it  is  directly  comparable  with  the  Guelph 
of  Ontario  and  the  higher  Niagaran  dolomites  of  Illinois  and 
Wisconsin.  This  is  seen  in  Pycnostylus  yuelphensis^  P.  elegans, 
an  almost  total  absence  of  the  lower  Niagaran  corals,  cystids, 
crinoids,  and  brachiopods,  and  in  the  prescence  of  2  species  of 
TVimerella,  1  Salpingostonia^  3  Gyronema,  and  3  Bronteus,     c.  s. 

3.  Zifw  and  Lead  Deposits  of  Northern  Arkansas^  etc.  With 
a  Section  on  the  Determination  and  Correlation  of  Formations  ; 
by  E.  O.  Ulrich.  Prof.  Paper,  No.  24,  U.  S.  Geol.  Survey, 
1904,  pp.  90-113.* — Ulrich's  contribution  is  important  because  it 
attempts  to  correlate  the  Paleozoic  formations  of  northern 
Arkansas  and  southern  Missouri  with  '^  a  standard  time  scale  of 
the  Ohioan  Province."  By  "Ohioan  Province"  the  author  means 
the  eastern  half  of  the  Mississippian  sea,  and  also  objects  to  using 
the  latter  term  for  this  province  because  the  name  Mississippian 
"has  a  fixed  application  to  the  Lower  Carboniferous  rocks  of 
America."  In  northern  Arkansas,  the  Paleozoic  section  consists 
of  the  equivalents  in  the  Ordovician  of  the  Oneonta,  Shakopee, 
St.  Peter,  Lorraine,  and  Richmond  ;  in  the  Silurian  of  the  Clin- 
ton ;  in  the  Devonian  of  the  Chemung,  and  in  the  Carboniferous 
of  a  complete  sequence  from  the  Kinclerliook  into  the  Pottsville, 
except  that  tlie  Warsaw  and  Spergen  Hill  are  absent.  From  this 
it  is  seen  that  great  breaks  in  deposition  occur  in  the  Ordovician, 
and  from  the  basal  Silurian  through  to  the  Upper  Devonian. 

*  See  also  p.  394  of  tlie  November  number. 
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The  Clinton  faana  (St.  Clair  limestone)  is  interesting  because  it 
is  of  the  type  found  on  both  sides  of  the  Cincinnati  axis,  and 
not  that  of  New  York. 

The  chief  interest  of  this  work,  however,  lies  in  the  Carbon- 
iferous formations.  As  stated  above,  the  Mississippian  section  is 
nearly  complete  and  continues  into  the  lower  portion  of  the 
Pennsylvanian  of  the  Upper  Carboniferous.  The  author's  best 
results  are  found  in  his  discussion  of  the  "  Upper  Mississippian 
formations"  and  "  Early  Pennsylvanian  formations."  It  is  seen 
that  he  here  restricts  the  well-known  name  "  St.  Louis  "  to  the 
formation  as  found  about  the  city  of  St.  Louis,  which  does  not 
include  the  Spergen  Hill  and  Warsaw  horizons,  usually  embraced 
under  this  term.  The  author  states  that  the  St.  Louis,  Spergen 
Hill,  and  Warsaw  "are  readily  distinguishable  lithologic  units, 
two  of  them  having  a  wide  geographic  distribution,  and  all  three 
occupying  definite  and  distinct  positions  in  the  stratigraphic 
column.  Together  they  constitute  a  group  for  which  the  name 
Meramec,  after  the  river  of  that  name  in  Missouri,  where  all 
three  divisions  may  be  seen,  is  chosen." 

It  seems  unfortunate  that  the  rules  of  the  U.  S.  Geological  Sur- 
vey do  not  permit  the  use  of  a  term  with  two  values,  i.  e.,  as  a 
formation  and  as  a  group  name.  Iti  any  event,  it  would  seem 
preferable  that  the  old  and  long-established  name  *'  St.  Louis  " 
should  be  retained  in  its  present  text-book  use,  i.  e.,  to  embrace 
all  the  time  between  the  top  of  the  Keokuk  and  the  base  of  the 
Chester.  Had  this  been  done,  the  j)resent  author's  group  terms 
would  now  be  those  of  other  writers ;  as  it  is,  however,  to  be  up 
to  date,  we  shall  have  to  write  "  Menunec "  for  the  old  and 
apparently  somewhat  indefinite  term  "  St.  Louis."  We  could 
have  more  easily  adapted  ourselves  to  Meramec  as  the  terminal 
formation  of  the  group  St.  Louis. 

The  Chester  of  older  writers  receives  here  a  far  greater  exten- 
sion, is  elevated  to  a  group  term,  and  includes  the  St.  Genevieve, 
Cypress,  Tribune,  and  Birdsville  formations.  Tiie  two  latter  are 
here  embraced  under  the  old  name  "Kaskaskia"  of  Worthen,  a 
term  that  in  the  past  has  often  supplanted  Ilairsname  "Chester." 
The  Chester  group  of  Arkansas  teems  with  new  species. 

One  of  the  j)eculiarities  of  the  Pottsville  fauna  in  Arkansas,  or 
in  the  area  south  of  Missouri  island  (here  called  Ozarkia),  is 
the  presence  of  Peiitremitea.  Heretofore  this  genus, was  thought 
to  have  disappeared  in  America  with  the  Chester,  and  strati- 
graphers  have  always  placed  great  reliance  on  this  suj)posed  limi- 
tation. Its  occurrence  shows  paleontologists  how  unsafe  it  is  to 
make  correlations  depending  on  single  species  or  genera.  It  is 
stated  in  a  foot-note  that  this  interesting  fauna  will  soon  be 
described  by  Dr.  Girty.  c.  s. 

4.  Monographie  de  Vile  (TAnticosti  (golfe  Sahd-Laiireut) ; 
by  Dr.  Joseph  Schmitt.  Published  by  A.  Hermann,  Paris, 
1904,  pp.  i-vi,  1-367,  12  text-figures  and  a  map. — Since  1896,  M. 
Henri  Menier  of  Paris,  France,  has  been  the  owner  of  the  island 
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of  Anticosti,  and  detailed  Dr.  Joseph  Schmitt  as  resident  phy- 
sician and  naturalist  The  work  cited  describes  the  local  geog- 
raphy, history,  meteorology,  geology, .  ])aleontolog7y  botany, 
zoology,  anthropology,  maladies  of  man  and  animals,  agriculture, 
and  resources.  There  is  also  a  bibliography  of  the  island,  19 
pages  in  length. 

The  Ordovician  and  Silurian  stratigraphy  is  described  in  con- 
siderable detail  on  pp.  65-99.  The  divisions  as  established  by 
Richardson  and  BillingH  are  here  accepted.  Many  of  the  mwe 
important  geological  localities  are  shown  in  full-page  half-tones, 
the  best  we  have  seen  of  that  island.  The  list  of  fossils  on  pp. 
100-128  gives  the  horizons  and  localities  for  each  species,  with 
occasional  remarks  on  certain  forms.  The  book  does  credit  to 
the  present  owner  of  the  island,  and  especiallv  to  its  author,  Dr. 
Schmitt.  ^  c.  s. 

5.  Handhuch  der  Mineralogie  ;  von  Dr.  Carl  Hintzb.  Erster 
Band,  achte  Lieferung.  Pp.  1121-1280.— The  eighth  part  of  the 
first  volume  of  Hintze's  great  work  has  recently  appeared.  It 
contains  the  closing  portion  of  the  sulphur  compounds,  ortho-  and 
basic  sulpho-salts,  t^ulpharseniates,  oxysulphides,  etc ,  and  the 
beginning  of  the  oxides.  The  closing  pages  are  devoted  to  the 
species  quartz.  The  part  now  issued  is  the  twentieth  of  the 
entire  series,  which  was  besjun  in  1889. 

6.  Volcanic  Pipes  of  Sutherland,  —  In  the  annual  report  of 
the  Geological  Commission  of  the  Cape  of  Good  Hope  for  1903, 
Mr.  A.  W.  Rogers  and  A.  L.  duToit  give  an  account  of  some 
circular  patches  and  dike-like  outcrops  of  igneous  rocks  near  the 
village  of  Sutherland.  These  "pipes"  resemble  closely  the 
Kimberly  pipes  in  form  and  relation  to  the  surrounding  rock,  and 
some  of  them  contain  breccia  similar  in  character  to  the  diamond- 
bearing  blue-ground  of  Kimberly.  Meliiite-basalt  occurs  in  close 
connection  with  them,  filling  some  pipes  and  forming  dike-like 
masses  around  them.  A  complete  petrographic  description  is 
given  of  these  rocks,  and  the  following  analysis  of  meliiite-basalt, 
from  the  Spiegel  River,  was  made  by  J.  Lewis. 

Analysis  of  meliiite-basalt  :  SiO,  36*15,  TiO,  2-30,  Al  O,  15-18, 
Fe,0,4-87,  Cr,0,  -10,  Fe0  91l,*MnO  33,  CaO  11-40,  MgO  13-63, 
BaO  06,  Na,0  2-42,  K,0  181,  1\0,  -26,  SO,  49,  H,0  on  igni- 
tion 1-95,  II,0  driven  off  below  llo''  C.  -37  =  100-43. 

It  will  be  remembered  that  Professor  Carvill  Lewis  felt  verv 
confident  that  melilite  rock  was  closely  connected  with  the  origi- 
nal form  of  the  Kimberly  blue-ground,  and  it  seems  probable  that 
the  Sutherland  area  presents  some  of  the  same  geological  charac- 
teristics as  the  Kimberlv  district. 

7.  A  Treatise  on  the  British  Freshwater  AlgcB ;  by  G.  S. 
West;  pp.  xv  + 372,  with  106  text-figures.  Cambridge,  1904 
(The  Universily  Press). — The  need  of  a  modern  account  of  the 
freshwater  algie  has  long  been  felt  by  English-speaking  botanists, 

*  A  little  Hulphido  which  would  slightly  increase  the  figure  for  ferrons 
iron  is  incrluded.     The  sulphur  present  as  sulphide  is  included  in  the  S0«. 
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and  this  Deed  is  admirably  supplied  by  Professor  West's  hand- 
book. On  account  of  the  wide  distribution  of  most  of  the  genera 
described,  the  book  will  be  welcome  in  North  America  as  well  as 
in  the  British  Isles.  After  a  short  introduction  the  author  dis- 
cusses the  structural  peculiarities  of  the  algfe,  the  methods  of 
multiplication  and  reproduction,  the  doctrine  of  polymorphism 
and  the  various  theories  of  phylogeny.  The  greater  part  of  the 
work,  however,  is  filled  with  detailed  descriptions  of  the  British 
genera  and  of  the  higher  subdivisions,  and  under  each  genus  the 
more  important  species  are  noted  or  briefly  described.  The  char- 
acters derived  from  the  peculiarities  of  the  chloroplasts  are  empha- 
sized throughout,  and  much  attention  i.s  devoted  to  the  species 
found  in  the  plankton  of  lakes  and  ponds.  The  clear  and  accu- 
rate figures,  nearly  all  of  which  are  original,  add  greatly  to  the 
value  of  the  work.  Professor  West  includes  among  the  algae  the 
diatoms  and  the  blue-greens,  two  groups  which  many  recent 
writers  place  apart ;  he  excludes,  however,  the  dinoflagellates 
and  the  stone  worts.  Six  classes  are  recognized  :  Rhodophyceoe 
or  red  algae  (with  6  genera),  Phfeophycca?  or  brown  algje  (with  8 
genera),  Clilorophycese  or  green  algje  (with  130  genera),  Hetero- 
kontae  or  yellow-green  algjv  (willi  8  genera),  Bacillarie®  or  dia- 
toms (with  37  genera)  and  Myxophyceie  or  blue-green  algae  (with 
45  genera).  The  Heterokonta>  include  a  number  of  forms  usually 
placed  among  the  Chlorophyceie.  a.  w.  e. 

8.  A  Monograph  of  the  British  J)es7nidiacece  ;  by  W.  West 
and  G.  S.  West;  Vol.  T,  p]).  xxxvi4-224;  24  colored  plates. 
London,  1904  (printed  for  the  Hay  Society). — In  the  last  general 
work  on  the  British  Desraids,  published  by  M.  C.  Cooke  in  1887, 
290  species  are  described.  At  the  present  lime  nearly  700  species 
are  known  from  the  British  Isles,  and  of  this  number  147  species 
are  figured  and  described  in  the  j)resent  volume.  The  introduc- 
tory chapter  is  devoted  to  a  general  account  of  the  desmids  and 
discusses  the  cell-structure,  the  variation,  the  methods  of  loco- 
motion, the  various  types  of  reproduction,  the  phylogeny  and 
the  geographical  distribution.  This  is  followed  by  an  analytical 
key  to  the  31  known  genera,  all  but  5  of  which  are  British.  The 
descriptions  of  genera  and  species  which  till  the  remainder  of  the 
volume  are  unusually  full  and  accurate,  and  the  plate-figures, 
nearly  all  of  which  were  drawn  by  the  junior  author,  bring  out 
clearly  the  protoj)lasmic  features  of  the  cells  and  also  the  pecu- 
liarities exhibited  by  the  cell-walls.  Under  each  species  the 
authors  note  the  full  synonymy,  the  measurements  of  the  cells, 
the  known  localities  in  the  British  Isles  and  the  general  geo- 
graphical distribution  ;  and  it  is  worthy  of  note  that  more  than 
half  of  the  described  species  have  already  been  reported  from 
the  United  States.  The  following  12  genera  are  treated  in  this 
first  volume:  Gonatozygon  (5  species),  Genicularia  M  species), 
Spirotsenia  (14  species),  Mesotadnium  (10  species),  Cyhndrocystis 
(6  species),  Netrium  (4  species),  Penium  (28  species),  Roya  (3 
species),  Closterium  (60  species),  Docidium  (3  species),  Pleuro- 
tfenium  (9  species),  and  Tetmemorus  (4  species).  a.  w.  e. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  The  Cyclones  of  the  Far  East ;  by  Rev.  Josfi  Algu6,  S.J., 
Director  of  the  Philippine  Weather  Bureau,  Manila  Observatory. 
Second  (revised)  edition.  Pp.  83  with  fifty-four  plates.  Manila, 
1904. — The  first  edition  of  this  work  was  published  in  Spanish  in 
1897  and  embodied  the  results  obtained  during  the  thirty  years 
that  had  elapsed  since  the  foundation  of  the  Manila  Observatory 
in  1865.  The  present  edition,  in  the  English  language,  has  been 
enriched  by  the  additional  data  accumulated  since  1897,  not  only 
from  the  Philippines  themselves,  but  also  from  the  adjacent 
coasts  of  Asia.  The  whole  work  gives  a  full  account  of  the 
nature  and  origin  of  cyclonic  stones  and  the  various  meteorolog- 
ical phenomena  accompanying  them  ;  it  also  discusses  in  detail 
the  typhoons  of  the  far  East,  or  the  Baguios  as  they  are  called 
by  the  natives  of  the  Philippine  islands.  The  intensity  and 
destructive  character  of  these  great  storms  in  the  regions  cov- 
ered by  this  work  give  them  a  peculiar  interest  and  importance, 
while  the  author's  long  study  of  them  has  enabled  him  to  pre- 
sent the  whole  subject  with  admirable  clearness  and  fullness. 
The  work  is  at  once  interesting  to  the  public  at  large,  of  high 
utility  to  the  sailing  master  because  of  the  many  practical  sug- 
gestions given  for  his  guidance,  and  also  valuable  as  a  scientific 
contribution  particularly  because  of  the  discussion  of  the  data  in 
regard  to  individual  cyclones  of  remarkable  character. 

The  publications  of  the  Philippine  Weather  Bureau  also  include 
a  series  of  monthly  Bulletins  of  the  usual  scope  prepared  under  the 
direction  of  the  Director,  Jos6  Algue  :  of  these  the  numbers  from 
January  to  April,  1904,  have  been  recently  received. 

2.  A  Select  Bibliography  of  Chemistry,  1492-1902:  by  Henry 
Carrington  Bolton.  Second  Supplement,  pp.  462  (Smithsonian 
Miscellaneous  Collections,  part  of  vol.  xliv). — The  Select  Bibli- 
ography of  Chemistry  from  1492  to  1902,  a  work  of  the  greatest 
value  to  chemists,  carried  out  by  the  late  Professor  Bolton,  was 
issued  in  1893.  A  First  Supplement,  bringing  the  work  down 
to  1897,  was  published  in  1899,  while  this  Second  Supplement, 
covering  the  five  years  to  the  end  of  1902,  is  now  given  to  the 
public.  Professor  Bolton  died  in  November,  1908  while  the 
work  was  in  press  and  the  proof-reading  and  preparation  of  the 
index  have  been  in  the  charge  of  Mr.  Axel  Moth  of  the  New 
York  Public  Library. 

3.  Kritische  Studien  ilber  die  VbrgCinge  der  Autoxydation ; 
by  C.  Engler  and  J.  Weissberg.  Braunschweig,  1904  (Fr. 
Vieweg  und  Sohn). — This  monograph  of  two  hundred  pages, 
dedicated  to  the  memory  of  Christian  Friedrich  Schonbein,  aims 
to  ])resent  a  critical  review  of  the  scattered  literature  on  the 
phenomena  of  so-called  auto-oxydation.  The  authors  explain 
tlioir  theory  of  the  nature  of  auio-oxi dative  processes.  Various 
tyi>e8  of  katalytic  reactions  are  discussed  ;  and  the  influence  of 
accessory  factors,  such  as  acids,  salts,  heat,  light,  etc.,  is  consid- 
ered. In  a  concluding  brief  chapter  on  the  role  of  oxygen  in 
livin<j;  origan  isms  the  possible  function  of  the  different  recently 
(lescv'ihiid  oxidases,  the  IloviuaUou  ol  ov^?v.\\\q.  x^^iXQ^vdas  and  the 
action  of  katalases  is  ou\\)\\aW\'^.viA.  v.^«^. 
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Beecher,  C.  £.,  new  Permian  Xipho- 
suran  from  Kansas,  23. 


Chemistry,  Analytical,  Vol.  II,  Tread- 
well,  82. 
—  Bibliography  of,  Bolton,  474. 


Biological  Variation,Stati8tical  Metli-    —  P^ivsical     Laboratory     Exercises, 
ods,  Davenport,  401.  Getmaii,  82. 

Biondlot,  R.,  X-rays  and  N-rays,  84. 

Bolton,  H.  C,  Bibliograi)hy  of  Chem-    CHEMISTRY, 
istry,  474. 

Boitwood,  B.  B.,  ratio  of  radium  to 
uranium  in  minerals,  97 ;  radio- 
activity of  natural  waters,  378. 


BOTANY. 

Algse,   British    Freshwater,   G.    S. 

West.  472. 
Cyperaceap,  studies  in,   No.  XXII, 

Holm,  12;  No.  XXIII.  301. 
Desmidiaceae,  British,  W.  West  and 

G.  S.  West,  473. 
Orchidete,  root  stnicture  of  North 

American,  Holm,  197. 
Roots,  electrotropism  of,  Plowman, 

145,  228. 
Boynton,   W.    P.,    Applications    of 

Kinetic  Theory,  86. 
British  Museum,  list  of  meteorites, 
Fletcher,  398. 

*  This  Index  contains  the  general  heads,  Botany,  Chemistry  (incl.  chem.  physics),  Geology, 
Minerals,  Obituary,  Rocks,  Zoology,  and  under  each  the  titles  of  Articles  referring  thereto  are 
mentioned. 


Ammonia,  conversion  into  nitrites, 
Trauheand  Biltz,  461. 

Anhydride,  nitrous,  WittorflF.  309. 

Auto-oxydation,  Engler  and  Weiss- 
berg,  474. 

Barium   bromide,  precipitation  by 
hvdrobromic  acid,  Thome,  441. 

Beryllium,  atomic  weij^ht,  Parsons, 
304. 

Chloric  acid,   determination,    Heii- 
drixson,  308. 

Chlorides,  detection  in  presence  of 
bromides,  Jones,  81. 

Cinnabar,  radio-active,  Losanitsch, 
462. 

Double     salts,     determination     by 
solubility,  Foote  and  Bristol,  309. 

Emanium,  Giesel,  81. 

Helium   and   Hydrogen,  condensa- 
tion by  charcoal,  Dewar,  390. 
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CHEMISTRY. 

Intermolecnlar  forces  and  volatility 
of  compounds,  Martin,  804. 

Radio-activity  and  matter,  Wink- 
ler, 81. 

—  See  also  Radium. 

Riechstoffe,  die,  Cohen,  890. 

Rabidimn,  atomic  weight  of,  Arch- 
ibald, 462. 


Electric  effect  of  rotating  a  dielec- 
tric in  a  magnetic  field,  Wilson, 
8»2. 

—  waves,  reception  by  wires.  Chant 
408. 

Electricity,  conduction  through  high 
vacua,  STtrutt,  891. 

—  and  Matter.  Thomson,  87. 
England,   Liasdc  and  Oolitic  floras, 

Silicon,  new  modification  of  Mois-  \  Entropy,*  or  Thermodynamics,  Swin- 
Ban  and  Siemens,  461 ;  solubility       bume  87. 
in  zinc  and  lead,   Moissan  and  * 

Siemens,  82. 


Fairbanks,  H.  W.,  San  Louis  folio, 


Silver,  electro-chemical  equivalent, 

Van  Dijk  and  Kunst,  892. 
Thallic    chloride,    constitution    of '      California,  288. 

hydrous,  McClenahan,  104.  .  Femphotographie,  Kom,  88. 

Waters  of  Illinois,  chemical  survey,  I  Field  Columbian  Museum,  96,  401. 

Palmer,  896.  !  Foerste,  A.  F.,  Ordovioian-Silurian 

Zinc     sulphide,      phosphorescent,       contact  in  Indiana,  821. 

Qrttne,  462.  I  Funafuti,  coral-rock  cores  from  bor- 

Chica^o  University,  Decennial  Pub-       ings  at,  Judd  and  Cullis,  289. 

lications,  96. 
Chwolson,   O.   D.,     Lehrbuch    der 

Physik,  86.  I  Galvanometer,    method    of    using, 

Clark,  W.  B.,  the  Matawan  forma-       Perkins  58.  * 

—  thread,  use  of,  Einthoven,  84. 


tion,  485. 
Cockroaches,     Paleozoic,     Sellarde, 

113,  218. 
Cohen,  G.,  die  Riechstoffe,  390. 
Coherer,  hot  oxide,  Homemann,  84. 
Cohnheim,  O.,  Chemie  der  Eiweiss- 

korper,  83. 
Colorado,  geology,  Girty,  158. 
—  new  Devonian   formation.   Cross, 

245 ;  Eastman,  253. 
Cross,  W.,  new  Devonian  formation 

in  Colorado,  245. 
Cuba,  Harvard  botanical  station,  91, 

92. 
Cycads,  see  Geology. 
Cyclones  of  the  far  East,  Algu^,  474. 


D 

Davis,  R.  O.  £.,  analysis  of  kunzite, 

29. 
Dewar,  T.,  separation  of  gases  from 

air.   290;    thermal  evolution  of 


gases,  290. 


Earthquake,  committee  publication, 
Japan,  95. 

Eastman,  C.  R.,  asterolepid  append- 
ages, 141  ;  Upper  Devonian  fish 
remains  from  Colorado,  253. 

Eaton,  G.  P.,  notice  of,  J.  B.  Hatcher. 
103. 


Gases,  separation  from  air,  Dewar, 
290 :  thermal  evolution,  Dewar,  290. 

— spectra,  at  high  temperatures,  Trow- 
bridge, 420. 

Geographen  Kalender,  Haaok,  162. 

GEOLOGICAL  REPORTS  AND 
SURVEYS. 

Canada,  report  for  1908,  289. 
New  Jersey,  annual  report,  1908, 90. 
Ohio,  fourth  series,  bulletin  1,  90. 
United  States,  bulletins,  Nos.  224- 

226,   229-231,   288;  folios,   Nos. 

101,  107-109,  288,  Nos.  110,  894; 

professional  papers,  Nos.  11,  12, 

16,  17,  19,  158,  Nos.  21-28,  28, 

237,  Nos.  24,  27,  894. 
Wisconsin,  bulletins  XI,  XII,  89. 

GEOLOGY. 

Asterolepid  appendages,  Elastman, 
141. 

Baraboo  iron-bearing  district,  Wis- 
consin, Weidman,  895. 

Bennettiteae,  proembryo  of  the, 
Wieland,  445. 

Bitumen,  occurrence  in  fossil  egg, 
Morgan  and  Tallmon,  863. 

Cockroaches,  Paleozoic,  structure, 
Sellards,  113,  213. 


INDEX. 


477 


Coral-rock  eores  from  borings  at 
Funafuti,  Jndd  and  Collis,  289, 

Cretaoeoas  in  New  Mexico,  uncon- 
formity of,  KeyeB,  360. 

—  deposits  of  the  Pacific  coast, 
Anderson,  818. 

—  fossils  from  Vancouver,  \Vbit- 
oaves,  287. 

—  Upper,  turtles  of  New  Jersey 
structure,  Wieland,  188. 

Cycad,  famous  fossil,  Wanl,  40. 

—  proembryo  of,  Wieland,  445. 
Delta  plains  in  the  Nashua  Valley, 

Crosby,  90. 
Devonian  formation,  new,  in  Col- 
orado, Cross,  24o,  Eastman.  253. 

—  Hudson  Bav,  ])arasite  from. 
Parks,  135. 

Geomorphic   origin  of  shore  lines 
of    St.    Lawrence   Valley,   Chal- 
mers, 175. 
Glacial  conglomerate.  South  Africa, 

Mellor,  8d. 
Glaciers  and  Glaciation  of  Alaska, 

Gilbert,  159. 
Liassic  and  Oolitic  floras  of  Eng- 
land, Seward,  319. 
Matawan  formation,  Clark,  435. 
Niagara  formation  of  Northern  In- 
diana, Kindle  and  Breger,  4(i5. 
Ordovician-Silurian  contact  in  In- 
diana, Foerste,  321. 
Paleozoic     cockroaches,    structure, 

Sellards,  113,  213. 
Permian  Xiphosuran  from  Kansjis, 

Beecher,  23. 
Beptiles  from  the  Titanotliere  beds, 

Loomis,  427. 
Turtles,  fossil,  in  the  Marsh  Collec- 
tion, Hay,  261 ;  Upper  Cretftceous 
of  New  Jersey,  Wieland,  183. 
Uintacrinus  and  Hemiaster  in  Van- 
couver   Cretaceous,    Whiteaves. 
*287. 
Zinc  and  lead  deposits  of  Arkansas, 
394,  470. 
Getman,  F.  H.,  Laboratory  Exercises 

in  Physical  Cheniistry,  H2. 
Gilbert,  G.  K.,  Alaska,  glaciers  and 

glaciation,  159. 
Girty,  G.  H.,  Carboniferous  of  Colo- 
rado, 158. 
Glaciers,  see  GEOLOGY. 
Goodale,  G.  L.,  Ilarvanl  experiment 

station  in  Cuba,  91. 
Greenland,  rocks  of  Nugsuaks  Penin- 
sula, Phelan,  399. 
Grey,  R.  M.,  Harvard  Botanical  Sta- 
tion in  Cuba,  92. 
Gnppy,    H.    B.,    Naturalist    in    the 
Pacific,  244. 


H 

Harvard  Botanical  Station  in  Cuba, 

Goodale,  91 ;  Grey,  92. 
—  College  Observatory,  399. 
Hay,  O.  P.,  fossil  turtles  in  Marsh 

Collection,  261. 
Hering,  C,  Reference  Tables.  96. 
Hillebrand,  W.   F.,  fimmonsite  (?), 

433  ;  minerals  from  Arizona,  448. 
Hintze,  C,  Handbuch  der  Mineralo- 

gie,  472. 
Holm,  T.,  studies  in  the  CvperaceaB, 

No.  XXII,  12;    No.    XXIII,   801; 

root  structure  of  North  American 

orchidete,  197. 
Hut  chins,  C.  C,  air  radiation,  277. 

I 

Illinois,  chemical  survey  of  the  waters 
of,  Palmer,  396. 

Indiana,  northern,  Niagara  forma- 
tion, Kindle  and  Breger,  465. 

Insulation  in  a  vacmini.  Kelvin,  464. 

Interferenz-Krsoheinungen  im  polar- 
isirten  Licht,  Hauswaldt,  397. 

International  Scientific  Congress  at 
St.  Louis,  162. 

Ions,  negative,  from  heated  metals, 
Wehneit,  391. 

K 

Keyes,  C.  R.,  unconformity  of  Cre- 

tao<M)ns  in  New  Mexico,  360. 
Kindle,  Indiana  Niagara  formation, 

4(M. 

Kinetic  Theorv,  ApplicatiouH.  Boyn- 

ton,  ISO. 
Kraus,  E.  H.,  celestite  near  Svracuse, 

N.  Y.,  30. 
Kunz,  G.  F.,  kunzite,  25. 


Lehmann,  O.,  Phvsikalische  Technik, 
313. 

Lester,  O.  C,  oxygen  absorption 
bands  of  solar  spectrum,  147. 

Lindgren,  W.,  geology  of  the  Bitter- 
root  Range  of  Montana  and  Idaho, 
395  ;  minerals  from  Arizona.  448. 

Lippman's  color  photography, 
Pfaundler.  403. 

Lockyer,  N.  and  W.  J.  S.,  yearly 
variations  of  magnetic  storms  and 
auroric,  309. 

Loomis,  F.  B.,  reptiles  from  the 
Titanothere  beds,  427. 

Lunar  crater,  study  of,  Pickering, 
400. 
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Magnetic  storms  and  anrone,  yearly 

variations,  809. 
Magnetism,  velocity  of  propagation, 

Perkins,  165. 
Manila,  publications  of  Government 

Laboratories,  96. 
Marsh  Collection,  fossil  turtles.  Hay, 

261. 
McClenahan,  F.  M.,  constitution  of 

hydrons  thallic  chloride,  104. 
Med  way,  H.  E.,  ose  of  the  rotating 

cathode,  56, 180. 
Mercury,  vapor  pressure  of,  Morley, 

83. 
Meteorites,  catalogue  of  British  Mu- 
seum collection,  Fletcher,  898;  cata- 

logae  of  Ward-Coonley  collection, 

91. 
Metric  Fallacy,  Halsey  and  Dale,  320. 
Mineraloffie,  Handbuch  der,  Hintze, 

472. 


MINERALS— 

Bakerite,  California,  242.  Bro- 
chantite,  Arizona,  458. 

Calamine,  Arizona,  452.  Colcite, 
Joplin,  Mo.,  73.  Celestite,  Syra- 
cuse, N.  Y.,  80.  Chaleocite.  Ari- 
zona, 451.  Chrysocolla,  Arizona, 
453.  Cinnabar,  radio-active,  462. 
Coronadite,  Arizona,  448.  Cryo- 
lithionite,  Greenland,  243. 

Diamond,  effect  of  radium  emana- 
tions on,  388.  Dioptase,  Arizona, 
452. 

EmmonBite,  Colorado,  433.  Eri- 
kite,  Greenland,  242. 

Gerhardtite,  Arizona,  460. 

Knnzite,  25 ;  analysis,  29. 

Ubetheiiite,  Arizona,  457. 

Millerite,  343.  Morencite,  Arizona, 
455. 

Pyrite,  pseudomorphs  after,  80. 

Spangolite,  Arizona,  459. 

Thorianite;  Ceylon,  243. 

Willemite,  Arizona.  451. 
Minerals,  Tables  of,  P.  Grotb,  French 

translation,  397. 
Mississippi  watershed,  floods  of  1903, 

Frank(»ntield,  91. 
Molecules  in  solutions,  is  TyndalPs 

optical  method  capable  of  sliowing, 

Lobrv,  de  Brnvii  hihI  Wolff,  461. 
Montana,  ^eolojjjy  of  the  Bitterroot 

Range,  Lindjj^ren,  395. 
Moon,  recent  studies.   Barrell,   314; 

study  of  crater  on,  Pickering,  400. 


Morg^an,  W.  C,  bitumen  in  fossil 

egg,  868. 
Morley,  E.  W.,  vapor  pressure  of 

mercury,  88. 

N 

Nashua  Valley,  delta  plains,  Crosby, 
90. 

New  Jersey  geol.  survey,  90. 

— Upper  Cretaceous  turtles,  Wieland, 
188. 

New  Mexico,  tmcouformity  of  Cre- 
taceous in,  Keyes,  860. 

New  York  State  Museum,  248. 

Nolan,  T.,  The  Telescope,  88. 

N-Rays,  Blondlot,  84. 


OBITUARY. 

Duclanx,  E.,  96. 

Everett,  J.  D.,  820. 

Foster,  C.  LeN.,  96. 

Hatcher,  J.  B.,  168. 

Rutley,  F.  96. 

Soret,  C,  96. 

Williamson,  A.  W.,  96. 
Ohio  geol.  survey,  90. 
Ostwald's    Elassiker    der    ezakten 

Wissenschaften,  402. 
Oxygen  absorption  bands  in   solar 

spectrum,  Lester,  147. 


Pacific,  Observations  of  a  Natundifit 
in,  Guppy,  244. 

—  coast,  Cretaceous  deposits,  Ander- 
son, 318. 

Palache,  C,  Crystallization  of  Mil- 
lerite,  348. 

Palaeontoloeia  Universalis,  396. 

Parks,  W.  A.,  parasite  from  Hudson 
Bay  Devonian,  135. 

Pearson,  J,  C,  air  radiation,  277. 

Pennsylvania,  Latrobe  folio,  Camp- 
bell, 394. 

Perkins,  H.  A.,  methods  of  using  the 
galvanometer,  53;  velocity  of  propa- 
gation of  magnetism,  165. 

Petroleum,  radioactive  gas  from 
crude,  Burton,  392. 

Phasenlehre,  die  heterogenen  Gleich- 
gewichte  vom  Standpunkte  der, 
Roozeboom,  463. 

Philippine  Weather  Bureau,  Cyclones, 
Algn^,  474 ;  Gov.  Laboratories  of, 
96. 

Phosphorescence,  Lenard  and 
Klatt,  463. 
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Photography,  Lippman's  color, 

Pfauncuer,  463. 
Physics,  General,  Ames,  465. 
Physik,  Lehrbnch,  Chwolson,  86. 
Physikalische    Technik,    Lehmann, 

313. 
Physioloeie,  Beitrttge  zur    Chemis- 

cneD,  Hofmeister,  402. 
Pickering,    W.    H.,    study  of    the 

moon,  814,  400. 
Plowman,  A.  B.,  electrotropiHm  of 

roots,  145,  228. 


Radio-active  gas  from  emde  petro- 
leum, Burton,  392. 

—  lead  and  polonium,  Debieme,  389. 

Radio-activity,  atmospheric,  Bum- 
stead,  1 ;  and  matter,  Winkler,  81  ; 
of  natural  waters,  Boltwood,  378. 

Radium,  emanations,  Ramsay,  891 ; 
action,  on  diamond,  Crookes,  388. 

—  penetrating  rays,  Paschen,  83. 

—  ratio  to  uranium  in  minerals,  Bolt- 

wood,  97. 

—  slow   transformation  products  of, 

Rutherford,  464. 

—  and    the    electron    theory,    Trow- 

bridge and  Rollins,  77. 

Ransome,  F.  L.,  geology  of  Bisbee 
Quadrangle,  Arizona,  237  ;  geology 
of  the  Globe  Copper  District,  Ari- 
zona, 157. 

Resonance  in  alternating  circuits, 
Chevrier,  88. 

Rhodes,  S.  N.,  Mammals  of  Penn- 
sylvania and  New  Jersey,  161. 

ROCKS. 

IgTDeous  rocks,  analyses  from  Roth's 
Tabellen,  Washington,  237. 

Kali-Syenit  des  Piz  Giuf  und  Um- 
gebung,  Weber,  399. 

Chemical     Analysis,     Washington, 
398. 

RocksofNugsuakK  Peninsnlu  Green- 
land, Phelan,  399. 

Volcanic     pipes     of      Sutherland, 
Rogers  and  du  Toit,  472. 
Rollins,  W.,  radium  and  the  electron 

theory,  77. 
Rowe,    pseudomorphs    and    crystal 

cavities,  80. 


Sands  and  sediments,  Reade  and  Hol- 
land, 896. 
Scientia,  89. 


Schnchert,  C,  review  of  Kindle  and 
Breger  on  Indiana  Niagara,  465. 

Sellards,  E.  H.,  structure  of  Paleo- 
zoic cockroaches,  113,  218. 

Shaler,  N.  S.,  Features  of  Earth  and 
Moon,  314. 

Spectra  of  gases  at  high  temperatures, 
Trowbridge,  420. 

Spectrum,  oxygen  absorption  bands 
in  solar,  Lester,  147. 

—  water  vapor  in  the  infra-red  solar, 
Fowle,  393. 

Springs,  helical,  transverse  vibra- 
tions, Bronson,  59. 

St.  Lawrence,  submerged  tributary, 
Poole,  396. 

—  Valley,  origin  of  shore  lines,  Chal- 
mers, 175. 

St.  Louis  Scientific  Congress,  162. 

Stereochemie,  Materialiender,  Bisch- 
off,  463. 

Sterrett,  D.  B.,  calcite  twins  from 
Joplin,  Mo.,  73. 

Sutton,  F.,  volumetric  analysis,  890. 

Swinburne,  J.,  Entropy  or  Thermo- 
dynamics, 87. 


Tables,  Reference,  Hering,  96. 

Tall  man,  M.  C,  bitumen  in  fossil 
egg,  363. 

Telescope,  Nolan,  88. 

Thomson,  J.  J.,  Electricity  and  Mat- 
ter, 88. 

Thorne,  N.  C,  precipitation  of  ba- 
rium bromide,  441. 

Transvaal,  So.  Africa,  glacial  con- 
glomerate, Mellor,  89. 

Treadwell,  F.  P.,  Analytical  Chem- 
istry, vol.  II,  82. 

Trowbridge,  J.,  radium  and  the  elec- 
tron theory,  77  :  spectra  of  gases  at 
high  temperatures,  420. 

Turtles,  .fossil  in  the  Marsh  Collec- 
tion, Hay,  201  ;  Upper  Cretaceous 
of  New  Jersey.  Wieland,  183. 

U 

Ulrich,  E.  O.,  zinc  and  lead  deposits 

of  Arkansas,  470. 
United  States  geol.  survey,  157,  237, 

394. 


Vancouver,  Cretaceous  fossils  from, 

Whiteaves,  287. 
Vibrations,    transverse,     of    helical 

springs,  Bronson,  59. 
Volumetric  Analysis,  Sutton,  390. 
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Ward,  L.  F.,  famous  foBsil  cycad,  40. 

Ward-Coonley.  collection  of  mete- 
orites, catalogue,  Ward.  91. 

Washington,  geology  of,  Smith  and 
Willis,  158. 

Washington,  H.  S.,  analyses  of 
igneous  rocks,  237 ;  Chemical 
AnalyMis  of  Rocks,  808. 

Waters  of  Illinois,  chemical  survey. 
Palmer,  896. 

Whiteaves,  J.  F.,  Uintacrinus  and  ; 
Hemiaster  m   the  Vancouver  Cre- 
tjiceous,  287. 

Wieland,  G.  R.,  structure  of  Upper 
CretaceouH  turtles  of  New  Jersey,  i 
188 ;    the  proembryo  of  the  Ben- 
nettiteie,  445. 

Wireless  telegraphy,  experiments, 
Chant,  403. 

Wisconsin,  Baraboo  iron-bearing  dis- 
trict, Weld  man,  395. 


Wisconsin  (Hoi.   Snrvey,  IralletiDB, 

XI,  XII,  89. 
Woond,  action  of,  on  a  photographic 

W)late,  Russell,  893. 
ood,  H.  O.,  crystallization  of  mil- 
lerite,  848. 


X-Rays  and  N-rays,  Blondlot,  84. 


ZOOLOGY. 

Mammals.  Catalogue  of,  Tronessart, 
95,  402. 

—  of  No.  America,  Origin  of  large, 
Grant,  161. 

—  of  Pennsylvania  and  New  Jersey, 
Rhodes,  161. 

MedussB  of  the  Bahamas,   Mayer, 
161. 
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Plate  II 
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Am.Jour.Scl.,  Vol.  XVIII,  1904. 


Cuapace  of  Chelinie  myiiai  L.  (we.  or  sp.  nov.)  Southern  Atlantic  ooaat 
of  the  United  StnteH.  A  jonnt;  speoimen  x  ^.  Free  borden  in  smooth, 
mtnres  iu  zifytag,  and  bonndarieB  of  the  hom-shieldB  In  triple  line. 


! 


Am.  Jour.  Sci.,  Vol.  XVitI,  1904. 


Plate  VI. 


Carapace  of  Lytoloma  anffusta.     x  about  ^.     Drawn  from  the  specimen 

shown  in  the  following  Plate,  VII. 


..  Jour.  Sci..  Vol.  XVIII,  1904. 


Carapace  of  Lytolomn  anguata  from  the  Upper  Cretnceoatt  Qreensand  of 
BamBboro,  Glonceater  Co.,  New  Jersey,  as  partly  restiired  aiid  moanted  in 
the  Yale  Utwenm.— See  Pinte  VIII. 

ActuHl  length  of  Carapace  about  58  em. 
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Canpace  o(  Lylotoma  aagwta.  v  abont  {.  Diugrammatic  ^^re.  Tl 
■tippled  Barfaoes  show  the  parte  of  the  oriKinnl  Bpecimen  as  recovered  in 
dlMfftfonlated  and  more  or  leas  broken  comlition.     See  Plates  VI  and  VII. 
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BaSna  msbshi  Hay. 
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BaKna  cepbamca  Hay. 
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Baptbmth  wTowHoanBis  Leid.v. 
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Akpideretkh  bkecbehi  Hay. 


s    "    •   "    ^Tx- 

fi„s,s  s  3p;j 

fliilj   ?5sir 

!       SS  iSi  g     g 


ro 


_T1_ 
> 


Am.  Jour.  Scl  .  Vol.  XVIII,  1904. 


Plate  XVII 
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Cyeadtoidea  Wielandi.     S.  804.      x  30. 

PortioD  of  a  tnuuTene  Motion  of  an  ovulate  cone,  CDtting  exterior  bracia 

above  and  two  adjacent  pioembryo*  fllling  tb«  seed  cavitiea,  aa  snr- 

ronnded  b?  the  nuua  of  seed  pediceXe  kd4  VitteiiM(iD^^B\.  voi^^ft. 
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